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uP BLIS

The Boundary Layer Instrumentation System (BLIS) is an integrated weather
instrument designed by the Space Science Engineering Center, University of
Wisconsin, for use during the GATE meteorplogy experiments in the equatorial
Atlantic during the summer of 1974. The system is designed to measure wind
speed, wind direction, wind tilt (vertical components), temperature, humidity,
and barometric pressure.

The system is currently built using random logic. Because of the
complexity of the package, a high chip count (about 50) is required. Inherent
with the hard wired approach is the large number of interconnections which
increases failure rates and the inflexibility.

By redesigning the system with a microprocessor a large number of
benefits are possible. First, the chip count would be reduced which would
tend to increase reliability and also reduce the amount of time required to
assemble a unit. A second benefit would be the flexibility obtained by the
ability to redefine the system simply by changing the program stored in PROM.
New resistance or capacitance sensors could be added as required to a spare
input port on the sonde, and the program could be changed to accommodate it.

Because of the great computational power of the micro-processor, features
not possible with hard-wired logic are feasible. Two very useful additions
would be the ability of the package to transmit data in standard engineering
units, and self-calibration.

As a part of ECE 453, a feasibility study has been done to see what is
possible in the way of improving the BLIS system using a microprocessor.

The National Semiconductor PACE system was chosen because of its availability

and the development system owned by the electrical engineering department.



The pP BLIS is built around the PACE processor board. The PACE is a

16 bit microprocessor. The memory was a standard National Semiconductor

1K x 16 PROM board. No RAM was required because of the 10 word hardware stack

built into the MPU, which was used as a scratch pad.

The o0ld system transmits the data in digital format, so the present
sensors have a digital type output. Because of the large effort that went
into their initial design, it was decided to use the present sensors and to
build an interface between them and the PACE.

It was decided that the puP BLIS would also be designed to meet the
following specifications:

1) Sensor Accuracy would be at least equivalent to the current system

(see Appendix I).

2) The output of the pP BLIS would be compatible with the present
BLIS ground equipment.

3) All data would be in engineering units.

4) The system would be self-calibrating.

Because the system is self calibrating, the reference channels in the
present system need not be transmitted. This gives a 257% increase in the

sampling rate.



HARDWARE -
SENSORS
The pP BLIS uses the same sensors as used on the regular BLIS system.
A brief description of the sensors will be given here; for more information

refer to Ref. 1.

Temperature and Humidity

Temperature and humidity measurements are made by using transducers that
change their resistances with respect to the temperature or humidity. Ther-
mistors are used for tempefature;»hygristors, a carbon coated film, are used
for humidity. These resistances determine the frequency of an RC oscillator
known as the Resistance Oscillator (RY). Each transducer is switched in at
the appropriate time and gated to a binary counter. The resulting count.is
parallel loaded to the bus for analysis in software.

In addition to the hygristor, humidity can be measured by an index deter-
mined by the difference between two thermistors, one of which is kept moist

by a wick leading to a water tank built into the package.

Pressure Measurements

Pressure measurements are made in a way similar to temperature,'except
that the capacitance is varied instead of the resistance. The pressure sensor
is an aneroid barometer connected to a small metal plate. This plate is
parallel and closely spaced to a fixed plate. An increase (decrease) in
pressure will cause the plates to move and thus decrease (increase) the capa-
citance between them. As in the RO, the Capacitance Oscillator (CO) output

is counted and loaded onto the bus.



Wind Speed and Direction

The sensor for measuring the wind is the WINDAV; short for Wind Direction
and Velocity. The WINDAV consists of a main shaft connected at one end to
three wind cups. At the other end is a thin disk. Etched through this disk
are 180 slots in an outer ring and a single slot inside. These are called
the Resolver and Once Around (OA) respectively.

Light from LEDS shines through the slots in the disk and is detected by
photo-transistors. As the disk spins with the wind cups, the transistors are
turned on and off by the interrupted light beams. Wind speed is measured by

counting Resolver pulses. The wind speed is a linear function of counts, which

.are converted to meters/second by the MPU.

One of the wind cup arms is made of p-metal, a metal with very high
permeability. This draws the nearby field from the Earth's magnetic field
into the center of the shaft. Mounted inside of the shaft is a non-rotating
magnetic-diode (MD). The current through the diode is a function of the
magnetic field through it. As the cups turn, the magnetic field causes a
sinusoidal output from the MD.

The positive sloped zero crossing of the MD signal corresponds to the
p-metal arm pointing to the Earth's north magnetic pole. At this time the
PACE starts counting each of the resolver pulses. This counting continues
until the p-metal arm is pointing in the same direction as the package. The

final count is the direction that the package is pointing in degress.

Wind Tilt
The sonde is designed to point into the wind, and this includes the
vertical components caused by up and down drafts. As the sonde responds to

these vertical components a pendulum will pivot on the shaft at its top.



The pendulum has slots etched through it in the form of a Gray Code of the

angle. A photo-transistor LED combination detects this code which is loaded

onto the bus.



Sensor Interface

The PACE bus is a sixteen bit bus multiplexed between data and addresses.
Since only 1K of memory is required, bits 11 through 15 may be used as
'one hot' decoders thus reducing the logic needed for decoding. Bit 14
selects the sensor bank, while bits 0-2 select the proper sensor.

When one of the sensors is selected, bits 0-2 are latched in IC-J. The
latched signals are fed into IC-K which is a one-of-eight decoder. The
decoded signal switches the proper semsor into the proper sensor oscillator.
Bits 0-2 are also inputted to IC-C. This multiplexes the RO, CO or Resolver
(RESV) into the counter consisting of IC-D through F. When the counting
period is completed (timed in a software loop), the count is parallel loaded
into TRI-STATE latches comprised of IC-G through I. During a read instruction
this is inputed by the PACE.

When TILT information is desired, FLAG 12 is pulsed which loads the
parallel data into the counter. The data is then loaded into the TRI-STATE
latches for transfer onto the bus.

The switching between the aneroid and reference in the CO is done by
means of a latching relay. Pulses to drive the relay are producted by means
of a monostable (IC-U). When one of the pressure elements are selected by
IC-K the relay latches in the proper position.

The signal from the OA and MD are fed onto Jump Condition 13 and 14.
When wind direction is measured, the program will respond to these conditions

to properly control the counting of the RESV pulses.

Output

The PACE in this system uses no RAM, so the only time a write instruction

occurs is when it is outputting data to its only output port. Because of this



decoding is not required of the output port. Whenever a write statement is
executed the Output Data Strobe (ODS) is pulsed. This latches the data into
the 16 bit shift register comprised of IC-L and IC-M.

A NE555 timer acts as the clock for the output circuitry. The shifted
data is NORed with the clock and fed to a 741 for level shifting. The output
of the 741 is a three level wave form from which 1's, 0's and the clock can
be extracted by the BLIS Ground Station. A counter consisting of IC-P and
IC-T keep track of the number of bits that have been transmitted. When the
shift registers have been emptied the proper condition will appear on the
jump condition Number 15. The PACE will by this time have the next data word
ready and output it. Under low wind conditions or a failure of the WINDAV
the PACE could find itself in an infinite loop. To prevent this, the interrupts
are enabled. If th time comes when the output buffer should be loaded with
the wind direction data, the counter will cause an interrupt pulling the PACE
out of the loop. The PACE will output én error code telling the ground station
that a malfunction has occurred. The PACE will continue to transmit other

channels.



The software for the micorprocessor-based BLIP consists of;

1. INIT -~ an initialization routine executed on power-up.

2. MAIN - the main program loop which processes raw sensor data using
the subroutines listed below and outputs-directly usable values in engineer-
ing units.

3. DELAY - a 225 ms. wait loop used in accumulating sensor counts.

4. MUL - a fixed point multiplication routine which takes 2-16 bit
operands and returns a 32 bit product.

5. DIV - a fixed point division routine which takes a 32 bit dividend
and a 16 bit divisor and returns a 16 bit rounded quotient.

6. CCRCT - a routine which corrects several of the sensor readings
for temperature drift of the associated electronic components before pro-
cessing.

7. INTERP - a routine which performs a linear interpolation for de-
termining wet and dry bulb temperatures, relative humidity and barometric

pressure.

Since nearly all of the routines are linear, flowcharts have not been
included, and since the program listing has been profusely commented I have
chosen rather to give a brief verbal description of each routine.

1. INIT

This routine is executed on power up. It disables all interrupts
except level 2, which is used to abort the wind direction measurement when
the wind speed is very low. INIT also sets BYTE = 0 for 16 bit data opera-
tion and readies the BLIP's 12 bit counter for counting.

2. MAIN is a routine which does these tasks sequentially in an endless
loop:

a. ROCNT - get count from resistance oscillator using reference

resistor for subsequent correction of WB, DB and HYGR counts.



b. Output synch word (16 1l's) to transmitter output buffer.

c. WB - get count from resistance oscillator using wet bulb ther-
mistor; call CCRCT to correct count; call INTERP to calculate wet bulb
temperature; and output result to transmitter output buffer.

d. DB - similar to WB except for use of dry bulb thermistor.

e. RH - similar to WB except for use of hygristor.

f. COCNT - get count from capacitance oscillator using reference
capacitor for subsequent correction of ANRD count.

g. Output BLIP ID word to transmitter output buffer,

ht'~PRESS - get count from capacitance oscillator using aneroid
capacitor cell; call CCRCT to correct count; call INTERP to calculate
barometric pressure; and output result to transmitter output buffer.

i. WS - count the number of resolver pulses from the anemometef
during the DELAY interval; multiply this count by a constant to convert
to meters/sec.é and output result to transmitter output buffer.

j. WD - count the number of resolver pulses from the anemometer
from the occurance of the SONC pulse to the occurance of the OA pulse.
This count is equal to half the number of degrees of the wind direction.
Multiply this count by 200 to convert the count to the proper format.
Here, as was mentioned earlier, a level 2 interrupt is used to abort
the wind direction measurement if the transmitter output buffer goes
empty. This condition will arise when the wind speed is so low that
more than 1/4 sec. elapses between the SONC pulse and the OA pulse.

In this event, an error code is output. .

k. TILT - The tilt is encoded using a 6-bit gray code. This
code is read directly using the parallel load capability of the BLIP's‘
12 bit counter.. This code is then used as an index into a lookup

table to convert to a degrees-minutes format.



1. JMP to ROCNT and start sequence over.

3. DELAY

This routine uses a large number stored in PROM, called DLY, in an
AISZ loop to generate a delay of 225 ms. This delay is used in accumulating
counts from the resistance and capacitance oscillators and from the anemo-
meter resolver.,

4. MUL

This routine takes 2 positive 16 bit operands, the multiplier in R@
and the multiplicand in R1l. A repeated addition algorithm is used rather
than a shift-and-add algorithm because the multiplier will always be rather
small. The multiplier is complemented first. The multiplication loop con-
sists of incrementing the negative multiplier and testing for zero, indi-
cating the end of the multiplication. The multiplicand is added to R2 and
any carrys out of R2 are added to R3. Thus a 32 bit product is formed in
R3,R2.

5. DIV

This routine takes 2 positive operands, a 32 bit dividend in R3,R2
and a 16 bit divisor in Rfl. A repeated subtraction algorithm is used rather
than a shift-subtract-restore algorithm bepause’the divisor will always be
l;rge. The divisor is negated first. - The division loop consists of incre-
menting the quotient and adding the negative divisor to the low word of the
dividend. When there is no carry the low word of the dividend is decremented.
When there is no carry from this operation the division is done. To decide
whether to round up the gquotient or not, the value in R2, which = the re-
mainder - divisor, is multiplied by 2 using a left shift. The divisor is
added to this quantity yielding 2 (remainder - divisor) + divisor = 2 x re-
mainder - divisor. If this quantity is positive, then the remainder is greater

than 1/2 x divisor and the quotient is rounded up by 1.



6. CCRCT is a count correction routine which is used to compensate for:
temperature drift in the resistance oscillator (RO) and capacitance oscil-
lator (CO). A precision reference resistor and capacitor called ROREF and
COREF are used on every pass through the main program loop. When the BLIP
is calibrated on the ground, a count is taken for 1 DELAY interval using
ROREF and COREF. These calibration counts, called ROCAL and COCAL respectively,
are stored in PROM. During program execution a count is taken using ROREF,
called CR. Then a count is taken using the wet bulb thermistor (BWTH),
called CO. The correction made by CCRCT is:

Cc

where Cy is the corrected count, C. is the WBTH count, CC is the calibration

Y .
count ROCAL in PROM, and CR is the ROREF COUNT. This is a simple % differ-
ence correction. The same procedure is used for the dry bulb thermistor,

hygristor and aneroid capacitor.

7. INTERP is the routine which does the actual conversion from counts
to wet or dry bulb temperature, relative humidity or barometric pressure.
Since the curves of the above parameters vs. counts are nonlinear, piece-
wise linearized approximations to the curves are stored in PROM. They
values of points along the curve (every 64 counts) are stored in successive

Oth location in the table

locations in PROM in lookup table fashion. The
contains the number of counts corresponding to the lst point on the curve,
used for normalization. Linear interpolation is used to find values on the

curves between points in PROM. A sketch will serve to illustrate the method

used:



TEMPERATURE vs. COUNTS TABLE

TEMP

LOC [CONTENT
60 Cmin = 0 500
: : | 10
50 2 14
3 20
T, 40 4| 26
| T 5 | 32
T, 30 I 6 | 39
l 7 | 50
20 { 8 | 62
10 | 2 . 3 - 4 | 5 : 6 T 8
et g} i g
500 600 700 8?0 900
COUNTS Cy =796

If CCRCT returned CX = 796 counts, INTERP would calculate the corresponding
temperature as follows:

1. Subtract Cp;, from €, to normalize Cy-Cpi,=Cy» 796-500 = 296

X
2. Shift CN right 6 places, 296 = 100 101000 to separate CNg_5 from
CNg-15- CNg-15 CNo-s5
3. Look ‘up T, (the stored value just greater than TX) by adding CNg_j5,
right justified, to the Table base address and indexing by 2. In this example
this is loc. (CNg_j5 *+ 2) = loc. (4+2) = loc. 6 yielding T, = 39°.
4. Look up T (the stored value just less than TX) as above but indexing
by 1. This yields loc. 5 with Ty = 32°.
With T9, T and CNp_5, Tx can be found by:
y (Tp-T)No_s

Ty = T..

e 1 , the familiar y = b + mx.

64
Since the points in the table are all separated by 64 counts, the division

is a simple right shift of 6 places. In this example:



Ty = T; = 39° - 32° = 7°
(T~T{)Cng_5 = 7° x 40 = 280
(Tp=T1)Cn_c/64 = 4 .
Te = Dok m 324 4'= 36°

Calculations of dry bulb temperature, relative humidity and barometric pressure

follow the same procedure.



General Comments on BLIP Software

1. The accuracy of the INTERP calculation depends primarily on the
number of points along the Temperature, Relativity, Humidity or Pressure
vs. Counts curves stored in PROM. We arbitrarily chose to store points
every 64 counts so we could fit all software and lookup tables in 512 words
or PROM.

2. In using the present BLIS ground station, which has a 5 digit
decimal readout, we decided on a fixed output format for the software of
2 significant digits to the right of the decimal point.v This meets or
exceeds the expected accﬁracy of the calculations. This format does lead
to a problem with the barometric pressure, which has a range from 850.00
to 1040.00mb requiring a 6 digit display and 17 bits. Our solution was
to subtract 800 mb. from all readings so the transmitted values would be

in the range from 50.00 to 240.00 mb.



CONCLUSIONS

In building an actual system certain items would have to be changed
before it would be practical. One of the biggest problems would be power.
The PACE/BLIS uses approximately 7.5 watts. This is of course too much for
a battery powered system. The hardware would be built with CMOS logic in-
stead of the TTL used in PACE/BLIS. Additional power would be saved by
using a CMOS MPU. Low power PROM would be needed, but additional power
could be saved by applying power to it only during read cycles.

The execution of the software is entirely hardware bound. Total pro-
cessing time for a temperature or pressure reading (which uses the longest
routine) is on the order of 1 msec, while 224 msec are spent in a wait loop
while accumulating sensor counts. An 8 bit micro-processor using double
precision would have negligible effect on the performance of a system using
a similar hardware design.

The MPU could easily control a more complex interface. By using an
external timing clock instead of delay loops, and extra counters in the
interface, a large increase in sampling rate could be obtained. The 220
msec sampling period per sensor is required for high resolution, but if
more than one measurement were made at one time the data rate could be in-
creased.

The software was designed as a main program calling subroutines. The
purpose of this was to make changing the functions as simple as possible.
Each sensor has its own modular block of code. If it was desired to add
or delete sensors or the ordeffsf sampling; only the very simple main pro-
gram would need changing, plus the addition or deletion of the subroutines.
Also it would be easy to substitute better subroutines as these where de-
veloped. By using software designed this way, a cusfom package could be

used for each experiment with only minor software changes.



REFERENCES

Boundary Layer Instrumentation Package; '"Measurands, Sensors, Configura-
tions of the Subsystem, and Field Use Comments," Space Science and
Engineering Center, University of Wisconsin. March 18, 1974,

Boundary Layer Instrumentation System (BLIS) Sonde; A User Manual,
Space Science and Engineering Center, University of Wisconsin.

February, 1976.

Pace Technical Description, National Semiconductor Corporation,

June, 1975.



Appendix I

MEASUREMENT SPECIFICATIONS

Temperature #0.1°C
Pressure : 0.5 mb
Humidity 17

Wind Speed 0.5 m/sec
Wind Direction £2°

Wind Tilt A $0.5°
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