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(57) Abstract

A system for obtaining environmental data such as temperature, pressure, humidity, and the like which utilizes the data acquisition
sensor. In the case of obtaining temperature data, the sensor may be in the form of the thermistor (12) which measures a particular
temperature value and generates a signal representing the same. A microprocessing unit (30) receives the signal from the data acquisition
device and sends the same to an erasable memory unit (32). A data collection computer receives the value signal directly from the erasable
memory unit, since access to the erasable memory unit by the microprocessor is shielded (35). The data collection computer (34) can
communicate directly with the erasable memory without the need for generating a prior art RS-232 protocol.
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ENVIRONMENTAL DATA LOGGING SYSTEM
BACKGROUND OF THE INVENTION

The present invention relates to a novel and

useful data collection systenm.

In the prior art, a data logger normally works in
conjunction with a programmer/down-loader personal
computer, or a data collection instrument of some nature.
The prior art systems use a conventional RS-232 serial data
communication system which is a restrictive format. A data
logger operating under the RS-232 serial format utilizes
two lines, transmit (Tx) and receive (Rx). For example,
when a personal computer communicates with the logger in
the prior systems, the RS-232 protocol must be followed.
In addition, data transmitted over the Tx and Rx lines
utilize a fixed time interval for the rate of transmission,
measured in bits per second. The standard rates under the
RS-232 system begin at a standard of 2,400 bits per second
and double for increasing data rates. For example, typical
rate steps are 2,400, 4,800, and 9,600 bits per second.
When logging environmental logging environmental
parameters, logger products tend to use a maximum of 9,600
bits per second. In other words, 18 bit data word per
millisecond or 1,000 data bytes per second would constitute
the maximum rate of transmission under the RS-232 operation
for a data logger. A deviation from the standard rate step
is not acceptable.

Moreover, a logger microprocessor utilizing the
RS-232 data 1logging standard must include software
procedures in a program memory (ROM) to handle the Tx and
Rx lines. In addition, the logger microprocessor must
generate the time critical intervals of the data rate. The
received instructions or data from the host PC must be
processed by the logger and stored in non-volatile memory
devices, such as EEPROMS, to configure the operation of the
data logger. At this time, the data logger microprocessor
suspends all other operations when communicating with a PC.

In other words, common terminal routines for the host PC
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exist to transmit and receive data from the RS-232 logger
device. It should be noted that loggers of this type are
supplied with the software programmed specifically to
simplify data viewing and provide graphing functions by the
manufacturers of such loggers.

Although the RS-232 serial data communication
system works satisfactorily in certain cases, there are
certain deficiencies which limit its specific application
to data logger devices. As prior stated, the transfer of
data is at a relatively low speed compared to the ability
of a PC, which is capable of transferring data at 10 to 40
times the rate of an RS-232 device. Also, the logger unit
must supply the power for transfer of data, which tends to
limit battery 1l1life 1in self contained 1logging units.
Further, there is a need to generate software which
supports the RS-232 signal. This software "overhead" takes
precious space in the memory portion of a data logger and
it severely limits the capacity of the data logger to
gather environmental values. In addition, the cost of the
hardware necessary to generate an RS-232 format is
relatively high. Moreover, data is not necessarily secure
in an RS-232 system, since it is readily accessible unless
safeqguards are programmed into the software.

United States Patent 4,689,740 describes a
computer system which utilizes a clock bus wire and a data
bus wire to transmit data. The object of the subject
patent is to enable a single two wire line to be used for
the interconnection of multiple stations.

Other two wire systems known as MICROWIRE
(National Semiconductor) and S.P.I. (Motorola), are also
adaptable to data logging operations.

A data transmission system which is particularly
applicable to a data logging device without the use of an
RS-232 serial format would be a notable advance in the

instrumentation field.
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SUMMARY OF THE INVENTION

In accordance with the present invention a novel
and useful environmental data logging system is herein
provided.

The system of the present invention utilizes a
data acquisition sensor which is able to detect values of
temperature, pressure, humidity, or the 1like. Once an
environmental value is determined, the sensor generates a
signal representing the value. The signal is sent to a
microprocessing unit which, among other things, receives
the signal. The microprocessing unit is also capable of
generating data memory read and write functions. Also, the
microprocessing unit calibrates the sensor for use.

Erasable memory means is also used in the present
invention. The microprocessing unit sends the value signal
to the erasable memory means for storage and retrieval.
Such erasable memory unit may take the form of a EEPROM and
the like. The erasable memory means may have separate
areas that are segregated by functions. For example, the
EEPROM may perform configuration of the data logger sensor,
look-up table items, and store data from the sensor which
is retrievable.

The EEPROM works hand-in-hand with a data
collection computer which may be a personal computer (PC)
or other data collection device. The computer receives the
value signal directly from the erasable memory, through a
parallel port, without using the RS-232 format and the
intervention of the microprocessing unit. Means is
provided for shielding access to the erasable memory means
by the microprocessing unit while such data collection
computer receives the value signal from the erasable memory
means. In addition, such connection of the personal
computer easily calculates and loads a look-up table
located in the EEPROM while the sensor is operating and
creating data to be loaded into the EEPROM. Modified
tables generated by the data entering the EEPROM acquire by

the personal computer, of course, are capable of being
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displayed. The PC table, which has been calculated, is
also found in the proper format (hexadecimal), such that
the table may be used directly from the EEPROM without
translation of the same through a serial RS-232. Thus, the
computing power of the PC extends the minimal capability of
the microprocessing unit in the area of memory retention
and computation. In addition, downloading of logged data
from the EEPROM to the PC presents at least a 20 percent
additional memory space in the EEPROM due to the need not
to transmit data from the EEPROM to the PC under the rigid
protocol of the RS-232 system. Such shielding means may
take the form of a busy line logic which may be programmed
into the microprocessing unit.

The system of the present invention also includes
means for isolating the EEPROM from an exposed connector or
shorted connector. Such electronic "O" ring protects the
EEPROM 1in certain environmental conditions such as
immersion in salt water.

The system of the present invention also
comprises switch means for activating the data acquisition
sensor and microprocessing unit at selected time intervals
independent of manual operation. In other words, the data
logger of the present invention is capable of logging data,
should the data 1logging unit be not activated by the
operator. This "shadow" logging feature assures the
acquisition of data by the data logger system of the
present invention if the data logger is employed in a
transport vehicle, despite non-activation. Such a feature
is easily included in the present invention by programming
the same into the software of the microprocessing unit.

Since the system of the present invention
includes means for shielding access to the erasable memory
means by the microprocessing unit in order to allow the
personal computer to communicate directly with the erasable
memory means, timing is extremely important. The "busy"
line to achieve this end has less priority in a logger of
the present invention than taking measurements and storing
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data. The minimum time'required for the PC to wait before
sending data or receiving data from the EEPROM is
programmed into the PC by software configuration. The
result is that the PC will know exactly at what time to
access the EEPROM. Accessing too soon would crash the
sensor logger, while waiting too long would result in a
very inefficient logging mechanism.

It may be apparent that a novel and useful
environmental data logging system has been described.

It 1is therefore an object of the present
invention to provide a data logging system which includes
a direct memory access between the host personal computer
and the erasable memory storage means, such as an EEPROM.

It is another object of the present invention to
provide an environmental data logging system which requires
a relatively low cost to produce.

Another object of the present invention is to
provided an environmental logging system which requires a
smaller memory capacity than prior systems using the RS-232
protocol.

Yet another object of the present invention is to
provide a data logging system which permits the high speed
data transfer between the erasable memory means and the
personal computer associated with the data logging system
for collecting and processing data.

Yet another object of the present invention is to
provide an environmental data logging system in which
information may be retrieved from the memory portion of the
of the data logging system although the source of power or
microcontroller unit is defective.

A further object of the present invention is to
provide an environmental data logging system in which
formatting between the personal computer and the erasable
memory means is easily achieved.

Another object of the present invention is to
provide an environmental data 1logging system which

eliminates decoding and transmitting in the rigid RS-232
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protocol when downloadihg log data from the erasable memory
means to the data collection computer unit.

A further object of the present invention is to
provide and environmental data logging system which
exhibits high security against tampering.

Another object of the present invention is to
provide and environmental data logging system which is
capable of isolating the memory unit from the exposed
connector to permit shorted connector operation in extreme
conditions.

A further object of he present invention is to
provide an environmental data logging system in which
logging takes place although manual activation of the data
logger has been omitted by error.

Another object of the present invention is to
provide a data logging system in which the personal
computer is capable of communicating directly with the
erasable memory means and possesses an exact time for
initiation of such communication resulting in a highly
efficient data logging system.

The invention possesses other objects and
advantages especially as concerns particular
characteristics and features thereof as the specification

continues.
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BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic presentation of the RS-232
connection between a data logger and a personal computer
serial port.

Fig. 2 is a schematic view of the direct access
memory connection of the present invention between a
personal computer and a data logger.

Fig. 3 1is a prior art functional schematic
presenting software methods in the prior art RS-232
connection protocol.

Fig. 4 is a schematic block diagram representing
the direct access memory connection software functions of
the present invention.

Fig. 5 is a electrical schematic of the memory
interface circuit between a personal computer parallel
port, the erasable memory means, and microprocessor of the
present invention.

Fig. 6 1is a block diagram representing the
"shadow" logging function preformed in the software of the
present invention.

Fig. 7 1s a graph representing temperature
measured by data logger in the working example of the
present invention.

Fig. 8 is a graph representing the temperature
measured by the data logger in the working example of the
present invention.

For a better understanding of the invention
reference is made to the following detailed description of
the preferred embodiments thereof which should be
referenced to the prior described drawings.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Various aspects of the present invention will

evolve from the following detailed description of the
preferred embodiments thereof which should be referenced to
the herein above described drawings.

The invention as a whole is shown in the drawings
by reference character 10. The data logger 10 is employed
to record environmental parameters such as temperature,
pressure, humidity, and the like. As shown in Figs. 1 and
2, sensor 12 takes the form of a thermistor which measures
temperature and translates the same into a signal that is
sent back to a microprocessing unit 14 microprocessing unit
14 may take the form of a OKI semi conductor
microprocessor. With reference to Fig. 1, it may be
observed that a conventional data logger 16 is depicted in
which the microprocessing unit 14 1is connected to an
erasable memory unit 18 by the data (Sda) and Clock (Clk)
lines. Data from the microprocessing unit received from
the thermistor 12 is transferred over two lines, the
transmit (Tx) and receive (Rx) lines 20 and 22. A ground
line 24 (Grd) is also employed in the prior art system.
Host PC 26 includes a serial port 28 to accept the Tx, Rx,
and GRD lines. Any received instructions or data from the
host PC is stored in the EEPROM 18 which configures the
operation of loggers 16 to the RS-232 protocol. The
microprocessing unit 14 must cease all other operations, at
this time, when communicating with PC 26 and require
specific software to configure all data passing through Tx
and Rx lines according to the RS-232 format. It has been
found that this an extremely restrictive system since data
rates are severely limited, higher power is required, and
additional software is needed to achieve such transfer of
information.

With reference to Fig. 2, it may be observed that
the data logger 10 of the present invention employs a
microcontroller or microprocessing unit 30 as well as an
EEPROM 32. EEPROM 32 may be of the type similar to the
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24LC65 manufactured by Microchip Technology, Inc. Most
importantly, temperature measurements acquired by
thermistor 12 are transmitted to microcontroller unit 14.
From there, the data is passed to EEPROM 32. Thus, the
logger reads and writes to non-volatile EEPROM 30 during
normal operation. Microprocessor however, must always read
a "busy" line (Bsy) before entering the EEPROM. The busy
line logic incorporated in the present invention tells the
logger microprocessor whether to continue such reading and
writing functions or the enter a hold loop. Thus, the data
(Sda), clock (Clk), and ground (Gnd) lines from personal
computer or other data acquisition unit 34 1is direct,
without utilizing the MCU 14 or the RS-232 format. The
software required to achieve this result is incorporated
into this application as Appendix I.

Referring now to Figs. 3 and 4, a comparison of
the functions performed by the prior art RS-232 connection
and the functions determined by the software of the present
invention, Appendix I, is shown. Again, the memory "busy"
feature permits the PC 34 of the present invention to read
and write directly to the memory unit, since the MCU must
always pass through the memory "busy" step. Under such
shielding means 35, if the memory "busy" 1is positive, the
MCU goes into a hold loop. On the other hand, if the
memory "busy " is not positive, the MCU may read and write
the memory of the EEPROM in the normal manner.

Turning now to Fig. 5, the logger 10 of the
present invention interface 36 between computer 34 and the
EEPROM 32 and MCU 30 is depicted. The data logger 10
operates on a 3 volt battery depicted by 3V line 38. All
logic levels of the interface must conform to this voltage
level. It should be noted that the parallel port logic
levels of computers, such as PC 34, vary depending on types
of computer designs, and physical design of the port, such
as serial port 28 of PC 34 of the present invention. 1In
certain cases, logic high voltages may range from 4.25 to
4.95 volts. Transistors Ql1l, Q2, and Q3 translate the
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levels which may be found in PC 34 by the use of pull-up
resistors R4, R5, and Ré6. Transistor Q1 provides the
memory clock signal. Q2 provides the data write signal
while Q3 provides the data read signals. Blocking diodes
D1 and D2 provide the "busy" request signal to the MCU 30.
MCU 30 responds by finishing any pending memory operations
and then suspends further execution until the "busy"
request line returns to a logic low. During such pause,
the Sda and Clk lines to MCU 30 will be at high impedance
Thus, PC 34 now controls the memory of EEPROM 32. The
network formed by D3 and R6 provides replacement current to
the 3 volt battery to compensate for additional drain from
the battery caused by the communication link. Resistors
R1l, R2, and R3 are pull-down or ground reference resistors,
and provide the electronic "O" ring function to protect
EEPROM 32. Such resistors also provide an open drain
condition of memory connections releasing the memory to the
full control of the MCU. It should be noted that Q1, Q2,
and Q3 are N-channel enhancement mode MOSFETS. Diodes D1,
D2, and D3 are 1n4148 small signal diodes. Resistors are
1-R7 are standard low precision units.

The following is a Table of typical components in
the interface circuit of Fig. 5.

TABLE OF COMPONENTS

ITEM VAIUE OR MODEL SOURCE
P.C. 34 IBM Clone IBM; San Jose,

Intel 386, capacity or better California
R1 220 Kohm Xicon; Taiwan, Taiwan
R2 220 Kohm Xicon; Taiwan, Taiwan
R3 10 Kohm Xicon; Taiwan, Taiwan
R4 10 Kohm Xicon; Taiwan, Taiwan
R5 10 Kohm Xicon; Taiwan, Taiwan
R6 100 Kohm Xicon; Taiwan, Taiwan
R7 220 Kohm Xicon; Taiwan, Taiwan
Q1 RK7002T116 Rohm; Kyoto, Japan
Q2 RK7002T116 Rohm; Kyoto, Japan

Q3 RK7002T116 Rohm; Kyoto, Japan
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D1 1N4148 Rohm; Kyoto, Japan
D2 1N4148 Rohm; Kyoto, Japan
D3 1N4148 Rohm; Kyoto, Japan
EEPROM 32 24LC65Microchip Technology, Inc.
Chandler, Arizona
MCU 30 64164 Okl Semiconductor;

Tokyo, Japan

A further enhancement of the present invention
includes the provision of "shadow" logging of data. Such
"shadow logging" function is also derived from Appendix I,
the object code software loaded into the EEPROM. In
certain cases, an operator may forget to activate data
logger 10 when data logger 10 is used to acquire values,
such as temperature measurements, in a transportation
vehicle. The "shadow logging" function will automatically
take measurements according to the functional diagram shown
in Fig. 6. It should be noted that the time interval for
such "shadow logging" may be preprogrammed or altered
through the use of PC 34.

To coordinate the shielding of the MCU 30 from
communication with the EEPROM 32, timing of entry of PC 34
to the EEPROM is necessary. Such auto-synchronization is
also programmed into computer 34 and is represented by the
software program enclosed is Appendix II hereto. That is
to say, the PC 34 synchronizes to the internal speed of
recording of MCU 30 and determines entry of PC 34 an
appropriate amount of time after the MCU has been shielded
from communication with the EEPROM. Such "wait time" must
be accurate to prevent delays in the system 10 of the
present invention and also to prevent crashing of the
EEPROM by PC 34.

The following working example 1is meant to
illustrate the operation of a data logger coming under the
present invention, but is not deemed to limit the claims of
the patent in any manner.

WORKING EXAMPLE
A data logger, similar to the TQM-500 instrument
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manufactured and sold'by DeltaTrak, Inc. of Pleasanton,
California, was employed with the data logging system 10 of
the present invention heretofore described. Thermistor 12
was employed and an alarm temperature of 15 degrees
centigrade was set. Sampling took place at one minute
intervals for a total time of 5 minutes. A delay time for
the alarm was set and the representation of the
temperatures measured in Fig. 7 failed to trigger the
alarm. However, when the delay was reset to a shorter time
period the temperature measurements found in Fig. 8 and a
maximum temperature of 13 degrees centigrade activate the
alarm as required. Data transmission occurred between a PC
and an EEPROM according to the system 10 of Fig. 2.

While in the foregoing, embodiments of the
present invention have been set forth in considerable
detail for the purposes of making a complete disclosure of
the invention, it may be apparent to those of skill in the
art that numerous changes may be made in such details
without departing from the spirit and principles of the
invention.



WO 00/65450 PCT/US99/09432
13

WHAT IS CLAIMED IS

1. An environmental data logging system

comprising:

a. a data acquisition sensor for measuring the value
of an environmental parameter and generating a signal
representing said value;

b. a microprocessing unit said microprocessing unit
receiving said signal from said data acquisition device;

c. erasable memory means said microprocessing unit
sending said value signal to said erasable memory means;

d. a data collection computer receiving said value
signal directly from said erasable memory means; and

e. means for shielding access to said erasable
memory means by said microprocessing unit while said data
collection computer receives said value signal from said
erasable memory means.

2. The system of claim 1 which additionally
comprises said microprocessing unit includes means for
calibrating said data acquisition sensor.

3. The system of claim 2 in which said erasable
memory means further comprises means for creating a data
look-up table, readable by said data collection computer.

4. The system of <c¢laim 1 which further
comprises means for generating a memory clock signal to
said erasable memory device.

5. The system of claim 1 which further
comprises means for isolating said erasable memory from
connector shorting.

6. The system of claim 5 which additionally
comprises said microprocessing unit includes means for
calibrating said data acquisition sensor.

7. The system of claim 6 in which said erasable
memory means further comprises means for creating a data
look-up table, readable by said data collection computer.

8. The system of <claim 7 which further
comprises means for generating a memory clock signal to

said erasable memory device.
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9. The syStem of claim 8 which further
comprises means for isolating said erasable memory from
connector shorting.

10. The system of claim 1 which further
comprises switch means for activating said data acquisition
sensor and said microprocessing unit at selected time
intervals.

11. The system of <claim 1 which further
comprises delay means for preventing communication of said
data collection computer with said erasable memory means
for a selected time period.

12. The system of <c¢laim 11 which further
comprises switch means for activating said data acquisition
sensor and said microprocessing unit at selected time
intervals.

13. The system of <claim 12 which further
comprises means for isolating said erasable memory from

connector shorting.
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