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FOREWORD 

This report has been prepared by Project Engineer Kenneth E. 

Ayers to describe an Air Force Avionics Laboratory effort, accea- 

pllshed in direct co-operation with Flight Dynamics Laboratory's 

Project Teleplane. 

The effort was Initiated in the course of evaluating an Inex¬ 

pensive Remotely-Plloted-Vehicle (RPV) System, when Project Teleplane 

discovered a need to have certain parameters of flight data presented 

to the ground, via radio link. 

The Technical Support Group for the Information Transmission 

Branch was given the task of designing a package to sense the required 

parameters and transmit the Information from the RPV to a fixed 

receiving station. 

It Is the purpose of this report to provide both a functional 

and detailed description of the circuitry used to accomplish this 

end. 

ill 



TABLE OF CONTENTS 

PAGE 

INTRODUCTION 

Background 

Requirements 

I 

1. 2 

THE ELECTRONIC SENSOR PACKAGE 

General Circuit Deecription 

The Altimeter 

The Temperature Senaor 

Engine RPM and Airspeed Sensors 

THE DATA DOWNLINK TRANSMISSION SYSTEM 

Signal Structure 

Functional Circuit Description 

Detailed Circuit Description 

Multiplexer 

A/D Converter 

Output Regirter 

operational Summary 

3 

3, 5 
5 

5, 7, 9 

11, 12 
12 
12, 14, 16 

16 

16, 18, 20 

20, 22 
22, 23 

THE GROUND STATION COMPLEMENTARY SYSTEM 

General Scheme of Transmission and Identification 23, 24 

Receiver Interface and Data Decoder 24, 26 

Update/Error Logic 26, 28 

D/A Converter 28, 30 

Operational Summary 30 

Preceiing pile Mink 
V 



r 

FIGURE 

1 

J 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
1ft 
17 
18 

LIST OF ILLUSTRATIONS 

PAGE 

SYSTEM BLOCK DIAGRAM 2 
FUNCTIONS OF THL ELECTRONIC BAROMETRIC 
ALTIMETER 3 
ALTIMETER SCHEMATIC DIAGRAM 4 
TEMPERATURE SENSOR SCHEMATIC DIAGRAM § 
REM SENSOR SCHEMATIC DIAGRAM 8 
AIRSPEED SENSOR OUTPUT CURVE 10 
SYSTEMS SIGNAL STRUCTURE SCHEMATIC 11 
DATA DOWNLINK SCHEMATIC 12 
CLOCK GENERATOR AND SYSTEM TIMING 13 
SYSTEM TIMING DIAGRAM 15 
MULTIPLEXER SCHEMATIC DIAGRAM 17 
D/A CONVERTER, SIMPLIFIED 16 
A/D CONVERTER SCHEMATIC DIAGRAM 19 
OUTPUT REGISTER SCHEMATIC DIAGRAM 21 
GROUND STATION FUNCTIONAL BLOCK DIAGRAM 23 
DATA DECODER SCHEMATIC DIAGRAM 25 
UPDATE/ERROR LOGIC SCHEMATIC DIAGRAM 27 
D/A CONVERTER SCHEMATIC DIAGRAM 29 

vi 

J 



I. BACKGROUND 

In the ••arch for a rallabia, expandable (and tharafora 
Inaxpanalva) weapon aya tea, cha RaMtaly-Pllocad-Vahlcla (RPV) 
appaara aa a natural choice. With the operator located aafely 
on the ground, controlling the alaalon via radio link, all 
hunan factors such as life support syateM and agreña aystaaa 
■ay be renovad as constraints upon the overall systan. The 

1? ! coM^arabls reduction In else and cost, as wall 
aa the virtual ellalnatlon of risk to the "pilot." 

However, to affectively operate such a vehicle, it la 
imperative that specific paraaaters, pertaining to powered fllaht 

b* TLr*iUbU t0 th* ’’P11«-" auch^peroMtera**1*' 
î^foïüiî0** «irapeed, and altitude, not to aentlon the visual 

1°îwn*Ca*Mry for loc•tl,,« ««ographlcal references end 
h!!! Î "** I*qulr““t- “Rurally Imply that the vehicle 
nave soae form of comnlcatlons link with Ita operator. 

The problem of providing visual data has been solved bv 

camrã ln th* «o»« »w* directing Its 
field of vision by a radio link Identical to the one used to 

control the vehicle. co 

The purpose of this report is to describe the syetem used 
to relay the additional data that Is needed for effactively 
executing a mission. «ctivexy 

II. (EQüIRPffiNTS 

-ir ^*qulr•■•nt• *«• tor a system that would trans¬ 
meters? in81* narrowband radio channel, the following para- 

PARAMETER 

Altitude 

Airspeed 
Engine RPM 
Heading 

RANGE 

0-2000 ft 
0-200 knots 
0-10,000 RPM 
0-359* 

... P®w*f Consumption and Space requirements were not expllcltlv 
defined, but were to be consistent with general requlreMmts to/ 
airborne equipment, i.e., low power and smallest practical sisa. 

With íítaKtr!n!!1!BÍOn waí t0 occuPy • single RF Channel 
with a 3-KHt bandwidth, and for the purposes of psycholotlcal 
evaluation by the Aerospace Medical Laboratories, data was to 
be displayed In both an analog and a digital format. 

1 



TX RX 

Electronic 

Sensor ^ Processor 

Packsge ¡ 

Electronic 

Decoder ^ Displays 

Airborne Ground 

Figure 1. System Block Diagram 

The systam can be divided Into the four basic functional 

blocks shown in Figure 1: the Sensor Package» a sensor processor 

and transmitter» a receiver and decoder, and the display pscksgs. 

All of the parameters are converted, by the Sensor Pscksgs» 

into 0-10V analog signals and fed Into the signal procsssor. 

Here the signals are multiplexed and converted Into a digital 

fonut for transmlsalon. 

In the ground based portion of the system, the rscslvsd 

digital signal Is applied to the decoder where the data Is 

recovered, de-nultlplexed, and converted back to an analog 

output, which Is fed Into the display unit. 



ni- IHE ftECTRONlC SENSOR PACKAGE (Circuit DMcrlntlmi) 

The Sensor Package consists of four sensors, on three 

printed circuit cards, two of which are identical. 

One card contains the circuitry for an electronic baroaetrlc 
alt meter and an ambient temperature sensor. The other twe cards 
are electronic tachometers - one being used directly as 

an engine RPM sensor and the other, used in conjunction with a 
propeller-driven generator, senses airspeed. 

Each sensor is scaled such that its output is an analog 

signal varying from 0 to MOV over the range of the parameter 
being measured. 

ÏV. THE ALTIMETER 

The Electronic Barometric Altimeter has two Integrated cir¬ 
cuits performing four distinct functions as shown in Figure 2. 

Pressure Temperature 

Transducer .• Compensa¬ 

tion 

Level 

Translation 
Scaling 

Amplifier Output 

Figure 2. Functions of the Electronic Barometric Altimeter 

J!heLhe*rt ot the altimeter la the pressure transducer, a 
hybrid absolute pressure sensor with internal temperature sens¬ 
ing elements. 

Figure 3 gives the schematic diagram of the altimeter 

circuitry. It can be seen that the pressure transducer has 

two outputs. The pressure output is taken from pin 1 and 
the rlrst. amolif 1er of FHe IavaI _a__^^_ 

3 
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The corrected, offset, altitude voltage is applied to the 

scaling applifier, with its gain controlled by the Scale Pactar 

adjustment pot. With this adjustment, the output la aet ao 

that a 2000 ft change from ground level produces a 10V change 
in the output voltage. 

A temperature correction voltage la obtained from tempera¬ 
ture sensing elementa within the pressure transducer and la 

made available at pin 3. This voltage is applied to the tem¬ 

perature compensation amplifier where it is summed wlih a 

nulling voltage that eliminates the temperature sensor bias 

voltage from the output. The gain of this stage Is controlled 

by the Temperature Compensation Linearity Adjustment, being 

set for optimum correction over the desired temperature range. 

V. TEMPERATURE SENSOR 

Even though ambient temperature was not among the original 

system requirements, circuit implementation is so straight¬ 

forward that it was decided to include this parameter, loastlag 

the simplicity of a single dual-op amp package and a few exter¬ 

nal components, the temperature sensing circuitry was quite 

easily included on the same circuit board as the altimeter 
(Figure 4). 

The sensor itself relies on the temperature dependence of 

a semiconductor Junction. Thus, we have, as a sensing element, 

a diode-connected transistor whose Junction current is a function 

of the ambient temperature and is linear over a wide temperature 
rdiig6 • 

The output voltage is developed across the sensor lead 

resistance, and applied to the Scaling amplifier. The Scallna 

Factor adjustment controls the sensitivity of the circuit and 

thus sets the full scale temperature range. The sensor voltage, 

at the input to the Scaling amplifier, is summed with a negativi 

voltage. This voltage can be adjusted to equal the sensors 

output voltage at 0 C, thereby zeroing the circuit's output. 

Following the scaling amplifier is a standard unity gain 

nverting amplifier that provides a positive voltage output 
with respect to ground. 

VI ENGINE RPM AND AIRSPEED 

n« D*®plte functional differences and actual sensor configura¬ 
tion, the engine RPM and airspeed data are converted by idéntica 

î1 ÜÎ uBaslc °Peration is that of a duty-cycle detector 

intÂÏ1Cíithe perlod of the incoming signal is compared to an 
internally generated reference time period. Figure 5 gives t-he 
schematic diagram of the RPM Sensor Circuit. 

5 
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The input signal is applied to a unity gain buffer ampli¬ 

fier, and, from the buffer stage, coupled to a shaping ampli¬ 

fier. Operating with open loop gain, the shaping amplifier 

would normally be driven into saturation on both positive and 

negative signal swings. However, diode Di restricts negative 

output excursions to about -0.7V, while eener diode ZDi limite 

the positive swing to +4V - producing a squared, 1TL compatible 

As tie output from the shaping amplifier makes a low-to-hieh 

ransition, it triggers a one-shot multivibrator, iCo, producing 

a Positive going output pulse, with the pulse width being con¬ 

trolled by the range adjustment. This pulse is the internal 
reference time period. 

Ty®"8i,tors and Q3 are connected as a differential ampli- 
with a constant current source, (¾. The biasing on the^ 

aíífnre? lal araPjlfler 18 8uch that Q2 is normally conducting 
and Q3 is normally cutoff. 7 8 

The base of gees a series of positive pulses of fixed 
pulse width, with the time between them equal to the period 
of the input signal. q4 ,cta 08 a 8vltch ln the M„ networl 

0 3, and during the positive reference pulses, Q4 switches 

on, a lowing Q3 to conduct. The current through Q3 is regulated 

by the constant current source, Q^and is used to charge capac- 

Thus, capacitor Cx charges only during the reference time 

and the total average charge will be a function of the ratio 

between the reference time and the period of the input signal, 

timedUrMrríe'f/qathí lnpUt frequency increases, the reference 
time, ihich is fixed, becomes a greater percentage of the total 

period and the capacitor receives a greater average charge. 

°" the =apacltor is buffered by the output amplifier 
minimize the effects of loading >n the capacitor. 

As mentioned previously, the actual sensor configurations 
for engine RPM a J airspeed are different. In the case of the 

engine RPM Sensor, a photo transistor Is mounted directly hehlnd 

in front^f^h rropeller' As *ach blade of the propeller pasees 
in front of the sensor, the transistor is cot off, producing a 

pulse that goes from +15V to OV. This is the signal that iî 
coupled to the input of the engine RPM circuit. 

anH a n 8en9°r 18 a 8mall AC motor mounted on a boom 
and a propeller is attached to the motor shaft. In this case, 

[he 38 a 8enerator and* aB the airspeed increases, 
the propeller rotates at a higher RPM. The output of the sen- 

la 8 ®*nu8°idal voltage, approximately 175V peak-to-peak 
Thîî J® f"quency beln® a function of airspeed (Figure 6). 
This signal is coupled into a limiter circuit that clips the 
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waveform at +5V and -0.7V, and into a translator amplifier. 

The output is a square wave, limited to 5V in amplitude, with 

a frequency that varies with airspeed. Limiting is performed 

as close to the sensor as practical, so as not to transmit 

the full 175V p-p signal which would c’ eate excessive noise 
in other parts of the system. 
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VII. DATA DOWNLINK (SUntl Slructurt) 

With the desired parameters having been converted to analog 

signals by the Sensor Package, some method was needed that would 

transmit the information from the aircraft to the ground-baoed 

operator. The transmission should be relatively immune to 

Interference from external noise and must update the data at 

a rate consistent with the operator's ability to react to changes. 

Thus, a system of sequentially sampling each channel and then 

digitally encoding the multiplexed signal for transmission 

seemed a reasonable approach. 

However, in an effort to reduce the complexity of the sys¬ 

tem, certain problems were encountered, specifically In the 

area of synchronizing the ground station with the airborne 

unit. Since digital data transmission implies the use of dock¬ 

ing signals, some method of supplying a clock was necessary. 

Without resorting to complex phase-locking techniques, or to 

a separate clock transmitter, it vas agreed that the data should 

provide its own clock. Thus, the obvious method of transmitting 

a pulse for a "one" and no pulse for a "zero," was out of the 

question, due, primarily, to the possibility of a string df 

"zeroes." Another synchronization problem was that of determin¬ 

ing which channel of information was being transmitted at any 

given time. Both of these prim* synchronizeLion problems are 
solved by the Systems Signal Stricture (Figure 7). 

rinMJuuixiuLinmTnjmjun 
I «yncl channel. I I datn I I parity I 
pulse Ident 

Figure 7. Systems Signal Structure Schematic 

The data stream for each channel is preceded by a long 

sync pulse. The next four pulses identify the channel being 

transmitted (a total of sixteen possible channels), followed 

by ten pulses that convey the data for that specific channel. 

The last four pulses are parity bits and provide a means of 

checking for errors in the transmission. 

Notice that the signal structure is composed of three 

d4fferent pulse widths. The longest Is the sync pulse, and 

it has a duration of 1200 usee. In the data stream itself 

(i.e., channel Ident, data and parity) the two pulse widths 

signify binary "ones" and "zeroes," with a "zero" being 

200 usee and a "one" 400 usee. Thus, the three pulse widths 

have a 1:2:3 ratio that makes them easily distinguishable 
from each other. 

With this signal structure, both channel and system syn¬ 

chronization »ave been provided and, since each bit is a sep- 

11 



arate pulse, all clocking signals have been provided. 

VIII. DATA DOWNLINK (Functional Circuit. Description! 

Once the basic signal structure had been decided upon, 

It was necessary to devise a net hot! of generating It. This 

Is the purpose of the downlink pac tagt, which Is comprised 
of four functional blocks (Figure 1). 

Analog 

Inputs 
Output 

Figure 8. Bata Downlfnk Schematic 

Analog voltages from the seilor packages are applied to 

the multiplexer, "his unit sequettlally samples each Input 

and applies the multiplexed signa,' to an A/D converter where 

It is transformed Into a binary umber. From the A/D converter 

the data Is applied to a registei and stored. At the proper 

time, this data Is combined with ihannel Identification and 

parity bits, and serially extract«! from the register, being 

applied directly to the transmitt« . 

DATA DOWNLINK (Detailed Circuit Deçrlptlon) 

A good starting point. In des>rlblng the Date Downlink 

circuit's operation, Is the clock .ad timing generator, since 

it Is this functional block that cnmands and controls the ether 
three blocks (Figure 9). 

All timing Is derived from r 4 andard oscillator utilising 

two Inverters from TCI, and a 1 *Hz frequency determining crystal. 

Two buffered outputs are taken rom the oscllletor, with one 

being used in the A/D converte? cirijjltry. The other Is applied 

to the input of a counter chai (ICT ICA) that merely divides 

the 1 MHz Standard by a factor of 400, producing a 2.5 KHs 
main clock (MCLK). 

Referring to Figure 10;the basic timing signals, it can 

be seen that the signal for*t it divided Into forty timing 
intervals (0-39) and. In o?er to keep track of these forty 
Intervals, IC6 and IC7 are-onnected to form a modulo 40 

counter. Of the forty tifng Intervals, the first four (0-J) 

are of specific Interest,»«cause during these four intervale, 
r« 

J 

i 
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all signal processing is performed and the data is loaded In 

the output register. IC9, a BCD to decimal decoder, decodes 

the counters outputs. However, If IC9 were operated Just to 

decode the first four bits, the intervals 0-3 would be decoded 

four times during each data stream. To prevent this a separate 

decoder consisting of ICI1C and TC12D determines when the Inter¬ 

val counter has counted above ten and produces a logical "one" 
at the MSB Input of IC9. 

The decoding structure of 1C9 is such that any JCD number 

greater than nine will not be decoded. Thus, once the Interval 

counter has passed ten, the smallest BCD number seen by 1C9 

will be an eight, and all lower order numbers will not be 

decoded. This allows »-he decoding of Intervals 0-3 to occur 

once and only once during each forty counts, with the decoded 

outputs going from a high to low state during the interval. 

Four decoded outputs (0-3) are taken from IC9 and applied 

to two NAND gates IC12A and B, with the outputs of these gates 

driving the inputs of NOR gate IC11A. The logic proceeds as 

follows: Only during the Intervals 0-3 will one of the Inputs 

to the two NAND gates be low, resulting in a high output. 

Since, during these intervals, one Input to IC11A will always 

be high, Its output stays low for the entire four intervals. 

This signal is Inverted and designated MODE, which will be 

used to enable loading data Into the output registers. 

Another timing signal Is produced by gating the 3 Interval 

with MCLK, in NOR gate 1C11B, producing a positive going pulsa 

during the first half of the fourth timing interval. This 

pulse, designated CL2, will be used In conjunction with the 

MODE signal to load the output register. 

The sync gate (labled SYNC) is generated by gating the 

MODE pulse off during the fourth Interval with the 3 signal. 

This produces a low going pulse with a duration of three timing 

Intervals that will ultimately be used to generate the system's 

sync pulses. Inverting the SYNC gate generates a signal, desig¬ 

nated C0NVM0D, that will control the operation of the A/D con¬ 
verter. 

A final timing signal (CL1) is also used to control data 

flow In the output register; It is the clock that will shift 

the data out of the register. The CL1 signal la essentially 

one half the frequency of the MCLK, except that It is inhibited 

during the 1-3 time intervals. This clock la derived by flip- 
flop IC5. 

A last sub-function within the clock and timing generator 

Is the address counter, IC8. This Is a four-bit binary counter 

that advances one count each time the Interval counter over¬ 

flows. It sets the operation of the multiplexer and supplies 

14 





the channel ident code to the output register. 

IX. DATA DOWNLINK (Multiplexer) 

Operation of the multiplexer circuit (Figure 11) la con¬ 

trolled directly by iClfl, a one-of-sixteen decoder, which re¬ 

ceives a four-hit binary Input number from the channel addresa 

counter. This number corresponds to the number of the channel 

whose data Is being processed and transmitted. IC18 decodes 

this binary number and causes the appropriate output te ga law 

for the duration of the channel's data stream, while all ether 

outputs remain in a high state. 

Each putput from IC18 Is inverted by a bare collector 

Inverter, with the collector tied to +15V through a 2K ohm 

pull-up resistor and used to drive one of sixteen CMOS 7ET Switch 

control inputs. A common output buss, designated MPX, connects 

the outputs of all sixteen FET Switches, while their inputs 

are the various analog sensor voltages. When the control Input 

goes high, the FET Switch presents a low impedance, and Its 

Input is connected to the output buss. Thus, one at a time, 

all sixteen Inputs are connected to the output bus, or multiplexed. 

X. DATA DOWNLINK (A/D Converter) 

The circuit that provides the digital representation of 

the sensor voltages Is the analog-to-dlgital (A/D) converter, 

and in this case It is termed a tracking A/D Converter. 

Interestingly enough, the heart of this circuit Is a dlgltal- 

to-analog (D/A) converter that is used as part of a feedback 

loop. 

Shown in Figure 12 is a simplified functional version of 

the D/A Convei'ter used in the feedback loop. 

Binary Input 

Digitally 

Controlled Current 

Source 

Out 

RS 
Figure 12. D/A Converter, Simplified 

The circuit Is merely a digitally controlled current source, 

where the output current Is proportional to the 10-bit binary 

input number. A summing resistor (RS) is Included within the 

circuit, enabling it to be used with an op-amp In a current 

to voli.age converter. It is important to note, that this »/A 
converter uses complementary logic, i.e., an all zero input 
produces maximum output current. Relationships between Rs and 

16 
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lout are given aa in Equation 1. 

lout (max) X Rb - 10V (1) 

In the fracking A/D Converter, thin relationship is utilised to 

produce a nulling circuit and, when the null has been achieved, 
the circuit Is said to be locked. 

Figure 13 gives the schematic diagram for the tracking A/D 

Converter used in this System. The multiplexed analog voltage 

(MPX) is buffered by a voltage follower, IC22, and applied te 

the summing resistor of the D/A converter. Here the input 

voltage is compared to the output current of the D/A Converter, 

with the output being applied to a voltage comparator (IC24). 

A D-type flip-flop, 1C25, latches to the comparators output 

and drives a clock gating circuit (IC26) for a 10 Bit up/down 

counter. The outputs from the counter are applied to the binary 

Inputs of the D/A convertir, establishing the feedback loop. 

Clocking for the up/down counter (CONVCLK) is derived direct¬ 

ly from the 1 MHfc Standard, and la controlled by two gating 

signals, the converter mode (CONVMOD) and the D-type latch. 

The CONVMOD Signal enables the clock (and thus the entire con¬ 

verter circuit) for the duration of the Sync pulse, while the 

latch outputs merely route the clock to either the count up 
or count down inputs of the counter. 

For the sake of convenience, in making an intuitive 

analysis of the operation of the tracking A/D Converter, let 

us assume that the D/A Converter's output current is sere (binary 

inputs all "one's") and the input voltage (MPX) changes from 

0 to +5V. This creates a positive error voltage at the output 

of the D/A Converter. The comparator senses this error voltage 

at its inverting input and switches to a low state. On the 

next rising edge of the CONVCLK, IC25 will latch with its Ç 

output going high, routing the clock to the count down input 

of the 10-bit counter. As the counter counts down, the D/A 

Converter output current Increases, restating in an increased 

voltage drop across Rs, which reduces the output error voltage. 

Now, ilnre the full scale voltage i« ten volte, and the 

number of counter states Is 210 or 1024, the HmnlJest change 

in output, produced by changing the least significant bit (LS*), 

is equivalent to 10/1024 V, or approximately lOmV. Thue, if 

the input voltage is, for example, 4.995V, there is no counter 

state that will be exactly equivalent to the input voltage. 

Therefore, when the counter has counted down halfway, the D/A 

converter output error voltage will still be slightly positive. 

However, one more count will be too great, producing a negative 

error voltage, causing the comparator to switch to a high state. 

On the next clock signal, IC25 will latch to this new state, 

commanding the counter to reverse and count up. So the counter 

18 
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counts up one bit, which produces a positive error voltage that 

causes the comparator to switch a gain and command the counter 
to down count once again. 

At this point the loop is locked and the converter is 

"ditharing" about the actual value, producing a 1/2 bit error 
in the output. The digital output will continue to "track" 

the input voltage until the CONVMOD signal disables the clack, 

thereby placing the A/D converter in a HOLD mode, in which Its 
binary output is held steady. 

The slew rate of the converter is limited, primarily, by 

the clock rate. Therefore, any signal that changes more than 

approximately lOmV per usee will cause an unlocked condition 

and the output may or may not be valid. A full-scale (10V) 

change will take a maximum of 1024 counts for lock, or 1.024 msec. 

Since the conversion process occurs during the sync pulse, which 

is 1.20 msec in duration, the A/D converter will have a mini¬ 

mum of 176 dock Intervals in which to track the input voltgge 
before the output is "frozen." 

Parallel outputs E through N ere a binary representation 

of the input voltage and comprise the data portion of the system's 
output signal. 

XI- DATA DOWNLINK (Output Register) 

The primary function of the output register (Figure 14) 

is to store all eighteen bits of parallel data and convert them 

to a serial bit stream at the proper time. The actual registar 

is composed of five four-bit shift registers, with parallel 

load capability. Parallel loading of data occurs on the high- 

to—low transition of the CL2 signal when the MODE signal is In 

a high state. When the MODE input is low, the CL1 signal centróla 

the operation, shifting the contents of the register one bit 
to the right on each CL1 falling edge. 

A look at the basic timing signals (Figure 10) will illus¬ 

trate how these relationships are used to effect a parallel 
to serial conversion of the data. 

During the sync time (intervals 0, 1, and 2) the A/» con¬ 

version takes place and the data is not necessarily stable. 

At the beginning of Interval 3, the A/D converter is placed 

in a HOLD mode, and the parallel Inputs are "froten." At this 

time, the final parity bits are determined. These parity bita 

^1 * **2» p3» and P4) provide a means of checking for errors 
in transmission, since they are derived by MOD 2 adding certain 

bits of the data and the channel ident, according to tha rela¬ 

tionships in (2). Halfway through Interval 3, a falling edge 

- A#L; P2 - CtL; P3 - EfJ; • G*I (2) 
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occurs on the CL2 slgmil, loading all eighteen hits of Infor- 

matlon Into the registers, and the output code generation begins. 

As It Is clocked by the CL1 signal, the contents of the 

register appears, one bit at a tine, at QD of IC35, which Is 

connected to AND - OR - INVERT gate, IC37. This gating structure 

Is merely a data switch, allowing external digital data to he 

encoded and transmitted. However, for normal operation, the 

serial data (SERDAT) will be routed through to the output coding 

logic (IC36). 

Recall that. In defining the signal structure, a binary 

"one" was to be represented by a long pulse, while a "tero" 

was to be a short one. Now looking at the basic timing signals. 

It can be seen that the durations of the positive portions of 

MCLK and CL1 (after the Sync pulse) have the proper 1:2 ratio. 

In performing the task of output coding, IC36 acts as a 

selector gate, selecting the positive portion of either CLl or 

MCLK, depending upon whether SERDAT is a "one" or a "sero." 

If the data is a "one", the upper gate is enabled, allowing 

CLl to develop the output signal. With SERDAT at "zero", 

Inverter IC13D enables the lower gate and selects MCLK to gen¬ 

erate the output pulse. Immediately after a data pulse Is 

generated, on the CLl falling edge, a new bit of data Is shifted 

to the output of the register and awaits the proper timing 

signals. 

XII. DATA DOWNLINK (Summarv) 

A brief summary of operation will aid In tying together 

the individual functional blocks; but first, a review c! the 

System Concept Is in order. 

The system Is a 16-channel, time-multiplexed, pulse-mudu- 

lated, data downlink. Sixteen channels of information are 

transmitted sequentially with the basic signal structure provid¬ 

ing all synchronization and data information. 

A synchronizing pulse precedes the data stream for each 

channel, followed by four pulses Identifying the channel being 

sampled. The actual data Is contained In.the next ten pulses, 

with a parity tall (derived from the MOD 2 addition of specific 

data and Ident bits) occupying the last four pulses. 

Binary data is conveyed by pulse width modulation; a wide 

pulse represents a "one", and a narrow pulse represents a "zero." 

The time required for the transmission of ore channel is 

16 milliseconds, yielding an update period of 256 milliseconds, 

or approximately four updates per second. 
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jA i ^ crystal controlled oscillator provides the freeueney 

main clori,0! Sy4t/Ü’ A dlvlde‘by“400 counter generates the 
main clock and a mod AO counter determines the framing for data 
pulsest with 40 timing Intervals per channel. 

At the beginning of a channel's data stream, the channel 

address counter Is Incremented by one count, and, during the 

first three timing intervals, the sync pulse Is generated. 

** Jhf chfnnel «ddress 1« decoded and used to select the aroser 
switch in the multiplexer, which connecte that channel's Input 
voltage to a tracking A/D converter. 

At the end of the aync pulse, the A/D conversion has been 

completed and the converter data is froten. Half a timing 

interval after the sync period, the four bits of channel Ident, 

ten bits of data from the A/D converter, and four bits of parity 

information are parallel loaded into a buffer register. This 

register la unloaded serially, and each new hit is used to 

SaTo'f M"',pol*e’ ”lth th* d,M st“' th. 

XIII. GROUND STATION (Functional Block Diagram) 

In the airborne DATA DOWNLINK package, information from 

ln,the form of anal°8 voltages was converted 
to a 10-bit binary code. This information was placed In a 

data 8tre®" ®lon8 with synchronization and channel identi¬ 
fication and applied to a transmitter as anplitude modulation. 

si'orM 1 «“"/Ha^a^i^in hfl,i the taak of detecting the synchronisation 
signils, discriminating between the transmitted ''one's" and 

zero's," and separating the channel ident. In addition a 

provision has been made, using the parity word to provide a 

visual indication of ihe error rate in tramiraission. 

figure 15. Ground Station Functional Blouk diagram 

functionally, the ground station ia complied of just three 

; - : ,h' "f ‘•’«k «»d .lí“ cïr 
ts, which is due to the nature of the signa) structura The 

irst functional block decodes the serial data^stream and’par- 
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forms a serial to parallel transformation. The ten bits 

representing the actual data are applied to the D/A converter» 

while the channel ident and parity bits are processed by the 

update/error logic block. It is here that the determination 

Is made based on parity checks whether or not to accept each 

data stream as valid Informitlon. 

XIV. GROUND STATION (Receiver Interface and Data Decoder) 

The output of the receiver is not of the proper amplitude 

or wave shape to reliably drive the TTL Inputs of the data 

decoder. For this reason, a circuit consisting of IC29 and 

IC30 provides the proper interface between the receiver and 

the logic (Figure 16). 

TC79 Is a voltage comparator with Its inverting input 

biased to approximately one volt. Thus, whenever the output 

of the receiver, which Is Inverted, falls below one volt, the 

comparator switches from a high to a low state. The comparator's 

output drives an Inverter chain that is used primarily for 

shaping the signal, driving It to provide fast edges necessary 

for TTL. 

The Interface output drives two decoding circuits, each 

comprising one half of a dual (retriggerable) one-shot multi¬ 

vibrator. The lower one-shot utilizes the retrigger capability 

to detect the sync interval, and a look at the timing diagram 

(Figure 10) will show how this Is done. 

On each rising edge of the Input signal, the one-shot is 

triggered. If another rising edge occurs before the time constant 

ends, the multivibrator will be retrlggered for an entire time 

constant. Notice, on the timing diagram, that, excluding the 

sync intervals, the rising edges occur every 800 usee. However, 

the time between the sync pulse rising edge and the first data 

bit Is 1600 usee. The time constant for IC1B Is set at 1000 usee 

and the one-shot Is retrlggered by every data pulse, never allov- 

Ing the time constant to expire. But, during the sync Interval, 

the time between rising edges is 600 usee longer than the one- 

shot time constant, and IC1B will shut off for this time. The 

negative-going pulse produced at this time indicates that the 

input has just seen a sync pulse, and, this output Is lebsled 

STKObe.. 

A second one-shot, IC1A, Is used to decode the data, and 

it is also a rising-edge-triggered multivibrator. Ideally, the 

Input pulses should be 400 usee wide If the data Is a "one," 

and 200 usee wide for a zero. For this reason, the time con¬ 

stant for IC1A is set at 300 usee. 

F.very time the Input "sees" a rising edge, IC1A produces 

a 300 usee output pulse. This pulse Is gated with the incoming 
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data stream ln IC2, and the output is applied to the serial 

input of a 20-stage shift register. The 300 usee one-shot 

pulses are applied to the register's clock input, causing the 

serial data to be entered on the falling edge of the pulse. 

If the triggering pulse is 400 usee wide, representing a binary 

"one," the serial data input will still be at a high state on 

the falling edge of the clock, thus entering a "one" into the 

register. A 200 usee wide, "zero" pulse will have disappeared 

100 usee before the clock and a "zero" will be entered. Natlca 

that the sync pulse immediately following each data stream will 

cause an extra "one" to be entered into the register, compen¬ 

sated for by extracting the parallel data from register outputs 
2-19. 

It was found that the bandwidth limiting Imposed by the 

transmitter/receiver link, tended to "stretch" the data pulses 

considerably. This is due, primarily to the rounding of the 

rising and falling edges of the pulses. For this reason, the 

time constant of IC1A has been made variable and is properly 

adjusted for a minimum error rate. 

XV. GROUND STATION (Undate/Error Logic) 

The update/error logic (Figure 17) is charged with the 

task of determining the validity of the data in the register. 

This is done by examining the information bits and generating 
four internal parity bits P, 

1 ’ 2 ’ 3 
formula used to generate the original parity 

and P ', by the same 

wõri. Thus: 

P^ - AfN; P2* - C«L; P3' = E»J; P^' - G«I (3) 

The four generated parity bits in (3) are compared with 

the parity bits in the register. If there have been no errors 

introduced in transmission (by noise pulses, for example), the 

parity bits should agree and the outputs from IC10A and 1C10B 
will be high. This indicates that the data that has been de¬ 

coded is valid. Then, when the sync interval is detected the 

STROBE input to IC2C sees a 600 usee positive pulse, forcing 
the output low which enables ICH. 

1C11 is a one-of-sixteen decoder that receives four Inputs 

from the data register-the four bits of channel 

Identification-and causes the decoded output to 

go low. Each output is inverted by a bare collector inverter 

and used to control the D/A conversion for that particular 
channel. 

If, for some reason, there has been an error Incurred in 

transmitting the data, a parity check will fail at one or more 

bits and the output of 1C2C will remain high, even during the 

STROBE pulse. This output is inverted by IC10C and applied 

to one input of ÍC10D. The other input receives n S’l'KOTF 
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pulse (negative going for 600 usee) and the output will be a 

positive going pulse. This positive going pulse causes inverters 

1C14E & F to turn on, allowing the error indicator Light Emit¬ 

ting Diode (LED) to conduct. A 10 uF capacitor holds the LED 

on for a period considerably longer than the 600 usee error 

pulse, making the light more visible. The result is that the 

LED will blink on every time a parity check fails. Notice that, 

if no error were present, the output of IC10C would go high 

for the duration of the STROBE pulse, forcing TC10D to remain 

low, and the LED would not conduct. 

XVI. GROUND STATION (D/A Converter) 
The D/A converter IC15 (Figure 18) is fed the 10 bits 

of data from the register and converts them Into a proportional 

current output. Since the actual D/A converter used on the 

ground Is the same as the one used in the airborne tracking 

A/D converter circuit, the data bits are already in the proper 

complementary form. 

The output current Is transformed to an analog voltage by 

op-amp IC16B and buffered by a voltage follower, IC16A. Nulling 

capability is provided in the voltage follower circuitry to 

compensate for cummulative offset errors in the system. 

This analog voltage should, at the time of the STROBE 

signal, be the same as that seen by the airborne A/D converter 

for a given channel. The voltage is applied to the common Inputs 

of sixteen sample-and-hold circuits. 

Each sample-and-hold circuit is composed of one FET Switch, 

a capacitor storage element, and a high impedance buffer amplifier. 

During the 600 usee STROBE pulse, the channel ident is 

decoded -assuming a valid parity check- 

and the decoding circuit turns on the proper FET Switch. This 

provides a low impedance charging path for the storage capacitor 

in that sample-and-hold circuit. The capacitor chargea to 

the new voltage and then, after the STROBE, slowly discharges 

through the high impedance of the buffer amplifier. 

If the transmission is error free, each sample-and-hold 

will receive a new charge four times per second. However, 

should an error occur during any channel, the error logic will 

prevent that sample-and-hold from accepting an incorrect foltage 

and it will hold the previous value until the next valid update, 

discharging by approximately one percent per second. 

In addition to recovering analog data, the ground station 

must respond to the downlink's ability to transmit one channel 

of digital data. This capability is provided by IC31, a ten- 

bit lateh. The decoded output for the channel which was selected 
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to receive digital data directly la connected to clock Input 

of the latch. The ten bits of data are connected to the D 

inputs, and, when the proper channel ident code la decoded 

(assuming that the parity check ia gtod) the ten bita of data 

will appear at the outputs of the latch and remain there until 

there ia a change in that channel's data. 

XVII. GROUND STATION (Summary) J u .u .. rir. 
The output of the receiver ia shaped by the interface cir 

cult, and applied to the DATA DECODER. Here, utiliring the 

retrigger capability of a one-shot multivibrator, each sync 

interval is detected, producing a STROBE pulse. Another^one- 

shot pulse is used to discriminate between the long one data 

pulses and the shorter "zero" pulses. 

As it ia decoded, data is serially entered into a register 

and extracted in parallel. The 10 bits of data are applied 

to the D/A converter, where they are converted to an analog 

voltage. 

Channel ident and parity bits are applied to the update/ 

error logic. If a parity check passes, the strobe pulse will 

enable the address decoder and allow the converted analog voltage 

to be spoiled to that channel's aample-and-hold circuit. 

Should the parity check fail - signifying a trans¬ 

mission error ————— the error logic will cause an LED 
error indicator to flash and prevent the sample-and-hold circuit 

from being updated to a possibly incorrect voltage. 

Sixteen buffered outputs are available to drive a combination 

of analog and digital panel meters, depending upon the require¬ 

ments of the mission. 
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