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1.0

INTRODUGTTON

This documeni is the final report on the serial to parallel
converter contract., The object of this ieport is to summarize the
results of the entire contract effoft and to present recommendations
and conclusions based on the experience and results cobtained. The
object of the project was to perform the engineering design, develop=-
ment, breadboard fabrication, test and delivery of a breadboard

field sequential color video to parallel color video converter.

The background of the project is of interest and is excerptéd .
from the projeet request for proposal."

"At this time, the optimum color TV camera to use smboard a

- manned space wvehicle in terms of operational stability and ease of
operatien, weight, power, volume, etc,., is the field-sequential color -
.system. The present typé’of field-sequential color TV system (FSCTV)

utilizes standard scanning rates (60 fields/seconds This rate has been

chosen in ovder to be as compatible as possible with the United States

commercial networks. Tt also allows extensive use of commercially

available television equipmeht_for video processing and display. This

low color update rate, however, results in a TV display that flickers

vhen viewed on 2 momitor. This flickering picture is undesirable because

of the eye strain and psychological fatigue it causes the observer. To

eliminate thi. flicker, the field-sequential color signal must be

converted to a parallel format. That is, each individual primary color
must be segregated from the field-sequential signal and its update rate
increased enmough to eliminate the flicker. The Apo11o/Sky1ab color TV
systems gliminates the flicker on the ground by using a conversion System

'.which'ﬁtilizes'a'heavy'and bulky disk recorder. This ground system is

impractical to package for flight and, therefore, the development of a

flight type colox comverter is required for a closed-circuit TV system

to be used in é,spacecraft. The Figure A block diagram describes én

overall functional approach. The contractor is encouraged to minimize

‘the amount of field storage over;that shown.  Because the device may

be used on spacecrafts, the contractors are encouraged to minimize the

power, weight, and volume of the device."




The Western Davelopment Laboratories of Aeromutronic~Ford achieved
the objectives of the project and delivered a complete converter bread-

board that met oxr exceeded all of the specificationms.

Figure 1<1 is a simplifie& block diagram of the STP comvirter.
Field sequential ecolor is generated by a monochrome video camera with
a spinning 3 color wheel that £ilters the input scene luminapce with a
different color each TV field. The camera also generates a composite
syne segnal and a signal identifying the phase of the color wheel
(greon field). The camera signal entérs ihe ST Color Coﬁverter where
they are converted into a NTSC compatibie ooior signal such as would be
generated by a conventional 3 tube NTSC color camera. The WISC video
signal from the converter is used by a conventional NTSC colox monitor

to display a f£flicker free color image of the input scanner.

Figure 1-2 is a block diagram of the STP converter_that waé developed
‘and delivered during the project, The A/D converter is a 3-bit delta
modulatof which will be discussed in detail during.this report, The
compatible D/A converters are 3-bit delta demodulators. The video
storage delays were implemented using PMOS shift registers as will
also be discussed in this report. The timing on sync circuitry generates
-NTSC compatible synchronization which is combined with the output para-
1lel video signals and provide timing and control sigmals to oermit thé
data selector to gate the smgnals from the A/D converter or one of the
two field memories into the proper D/A converter. The outputs of Lhe
3 D/A converters consist of parallel NTSC v1deo with compos;te sync

and blankmng>1nserted.

This report comsists of a SpeCIfl”atlon sumaATy followed by a.
discussion of a,number of system.tradeoffs that led to salectlon of

the delivered system conflguratlon. After the system_traqeoff, a
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description and discussion of the delta modulator/demodulator, the

éF o -membfy,'and the forma%'cbntrol and éynchronization.follows, Following
| the har&ware discussions, a summary of the relizbility analyses and
packagihg study related fo a.spacecraft.packaged-vgrsion of the STP

converter is presented.

Finally, performance results measured with breadboard STP copverter
are presented followed by recommendations and conclusions based upon

 the results of the contract effort.




2.0 ' SPECTFTCATTON SUMMARY

» Table 2~1 is a summary of the key specification of the
STP Converter. Several of the key sPecifications such as
Field to field gain.stability, channel to channel gain and
response represent areas of major performance difficulty
in conventional analog designs (particularly those utilizing
moving part memories), The selected digital approach with
a non~moving solid state memory:inherently eliminates these
problems due to its basic system architecture, The use of
digital memories and precision stable D/A Converters reduces
the field to field and channel to channel gain stabilities
to less than ¥ 1/2 of a least significant bit of the D/A
Converters which results in virtual elimination of flicker
aﬁd co1or.fide1ity problems associated with conventional
analog designs. Moving park memories (discs and drums) have
inherent line to line pixel alignment and filter problems
which cause a response réduction caused by channel to channel
registration. The use of a solid state digital memories

ffJ\ : and crystal oscillator controlled timing reduces this source

of error to the limit of the short term stability of the ecrystal
timing clock. This error which can be a significant problem
in rotating part memories for the STP Converter becomes many

orders of magnitude less than an acceptable limit.
TABLE 2-1
STP CONVERT.ER

SPECIFICATION SUMMARY

KFY SPEGIFICATIONS

o PIELD TO FIELD GAIN STABILIZY - 5% |

o LUMINANGCE RESOLUTION - 10 SHADES OF GRAY

o  CHANNEL TO CHANNEL GAIN - 0.5 IRE UNITS

o  RESOLUTION ~ 440 TV LINES.

o RESPONSE ~ 440 LINES MIF IS 50% OF
- 220 LINE MTF
- o BANDWIDIE - 4,2 Wz
-L;?I ° NOISE ” B gggyﬁgggﬁ 45 db (equivalent

to 6 Bit PCM)

.If o _'_,....,.ATA.;,. M e e e
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2,1

2,1.1

2.1.2

2.1.3

SPECIFICATION SIMMARY (coniinued)

Table 2~1 list the principal specification. Several addi~'
tional specifications are of interest and are required to
permit fumctional interfazce of the STP Converter with its
associated equipmenis, The following paragraphs contain the

detailed specifications imposed on the converter,

Desisn Specifications

COonversion Design Requirements

In performing the conversion process, the converter first
separates the individual primary colors (see Figures A and B)
from the field-sequential color signal., The color field in

. each sepavated signal is then delayed (or stored) for one field

period and them reinserted into the individual video signal,

The same field is then delayed (or stored) for a second field '
period and then again inserted into the individual video signal.
The three parallel video output signals thus ccntain video data
in every output field., With proper matching «£ the output fields,
Flicker is eliminated and output distbrtion is kept minimum,

If a solid state analog (using a mosiac type device) techmique

is utilized for storage of the video fields, the A/D and D/A

converters shown on the diagram (Figure A) may mot be required,.

Video Storase Device

The STP color converter shall use a solid state storage device
or devices ineluding digital type components or solid state image-
senéors which can retain an image for the stated purpose. The
converter shall not use any type of electron tube or mechan1ca1

delay line (such as glass or quartz) for storage of the video

signal,
Power Supply

The sSTPR converter shall be capable of 0perat1ng fr:m a 110 V

powar supply.
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2.1.4 Video Tnoput Signal

_1; . ' The cemposite video input signal (field-sequential color
o video) to the STP converter shall conform to NTSC color tele-
vision standards as currvently utilized by the commercial net-
works in the Uhiﬁed'States with.respect to vertical and hori-
zontal scanning rates, synchrouizing pulses, interlace ratio,

lines per frame, fields per second, and aspect ratio,

é ” " ' The voltage of the composite v1dec signal shall be nomlnally
| 1. 0 yolt (0,714 volts from hlanklng to reference white end
0.286 volts from blanking to sync pulse amplmtude) when termin~
ated in 75 ohms.

2,1.5 - Video Input Imgedance

The video input’ 1mpedance shall heve a value of 75 onms'.
(Es7). -

2,1.6 | Video Output Signal
- ; _ _ B The red, green, and blue comp051te video output signals from
' ' " the STP comverter shall conform to NTSC color television standards
as currently utilized by the commercial networks in the United
‘States with respect tﬁ-vertical_and.horiantal scanning rates,
synchronization pulses, interlace ratio, lines per frame, fields

per second, and aspect ratio,

The voltage of the composite video signals shall be nominally
i, 0 volt (0 714 volts from blanklng to reference white .and 0. 286
volts from blanklng to sync pulse amplltude} wvhen termlneted in
75 ohms, ' '

2,1.7 Field~To-Field Gain Stability
For the total range of vequired resolutlon, the amplltude of

‘each element of each output field as measured -at the analog cutput

of the converter shall beé matched to within 5% of the respective

" elemeént of the input field as.meaSuféa at.the.aneibg.iﬁpuf.(fieidif"':

. [_ . sequential signal) of the“cdﬁverter.‘ The object of tﬁis'require““iﬁ
I ment: is to 1nsure that no dlscernabln fllcker occurs 1n the v;deaz, .

: output.
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2,1.8

- 2,1.9

2,1.10

2L

Tuminance Resolution (Gray Shades)

Each channel of the converter shall be capable of resclving
a mlnlmum of 10 luminance levels (gray shades) equally spaced
£rom the black level to the peak Whlte level,

Chapnel-To~Channel Gain -

For the total range of luminance resolution (gray shades)
and using a monochrome gray shade inpui signal, each channel

shall be adjustable so that output levels are within 3.5 mv

(0.5 IRE units) of each other. Once adjusted (and without

changing the input'signal) the comverter shall maintain this

output level tolerance for a minimum period of 10 hours with-

Cout readjustment (see Figure C).

Chamnel-To~Channel Registration

The 6bject of this requirement is to insure that the un-

certainty of matching elements (fields) from channel~to-channel

will mot cause a degradation of the resolution of an imput smgnal ,

havmng a low S/N. The time variation (including Jetter) of an

element in each output smgnal field (a Field from each chanmel)
" shall be such that &40 TV lines can be resolved with a response
- not less than 50% of the response of 200 TV Lines. Gcnformance

wmth.thms requirement shall be demonstrated using a monochrome

1nput. Resolution shall be determined from a monltor display

and response shall be measured from a waveform monitor presenta-

tion (see Figure D).

Resolution

The comverter shall be capable of'convertiné”é:vidéd.signal
having a vertical resolution of 330 TV lines/raster height and

a horizontal resolution of 440 TV llnes[raster width, . The .con=

verter shall not cause any degradation of this resolutlon.f Each

active line of video shall be processed,
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2.1.12

2,1.13

2.1.14

Sienal~To-Woise Ratio

Assuming an input signal of +60 db, the final aralog output
signal shall have an S/ not less than +45 db with the 5/ de~
fined as follows:

peak video signal (0.714 volts)
rms noise voltage

s/N = 20 loglo

where rms noise voltage may be defined as‘péak-fo-peak noise

voltage divided by six,

Tn no case shall any coherert noise be evident in the video

output signal.

Test Siecnal Requiremenits For Goyﬂrnmenﬁ Acceptance

The converter (oxr portion thereof) shall be tasted to determine
conformance with design specifications'and requirements by using

standard test signals supplied by commercially available televi-

sion test equipment.

Minimization OFf Colowr Storace

The resolution specified shall apply to the composite colox/

‘luminance pickure and shall not necessarily imply that each color

video signal must meet the stated resolution, Hence, the con~ '

- tractor is encouraged to investigate techniques of minimizing

the storage requirements for the individual primary colors based

upon the capability of the human eye to discriminate each colox.

Additional storage reduction'may-be achieved by utilizing-one.of_f

the digital redundancy removal techniques such as predictors,
interpolators, statistical encoders, delta modulators, etec. in.

conjunction with the above minimization of color storage.
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3,0

SYSTEM TRADEQFF

A number of system tradeoffs were wmade durrng the ST?
Converter Program. The purpose of these tradeoffs was to

select syStem techniques and architecture that allowed a-~

chievement of the specified performance with a minimal cost

in hardware complexity, weight, power and failure rate con~ o
sistent with spare hardware deeign. The systeh tradeoffs
considered; analog to digital conversion techniques, two

field vs. & four f£ield memory, implementation techniques

for the seiected analog to digital convexrsion techniques,

and a tradeoffs of memory technologies, Tdble 3.1is a

listing of the A/D Comversion Technmques consrdered for use

in the STP Converter Program, Six Bit PGM was used or the
benchmark to compare the various alternetives.against, The
@arameters of conmcern are; the compression ratio over 6 Bit

PCM (a 2:1 compression ratiorrequires 3 bits per pixel com-
pared to the 6 bits per pixel required for 6 Bit PCM), the
distortion, hardware complexity (implied reliability), in-
ternal speed required {related to techmical dlfflbuluy of
complexrtyﬁ and the required power. In addition, the require- '

ment for an elastic buffer is also listed since the differential

ePCMrtechniquesrwhich offering a data compression advantege,

~ require the considereable additional system complexity addi-

tion of a large size elastic buffer. The system hardware cost

“of this elastic buffer (which is not considered part of the

A/D Converter) is so substantial for a device the size of the
STP Gonverter that A/D Conversion technlques requlrlng such

a buffer are ellmlnated from further canszderatlon.

_ -One.bit.delta-mbdglatipn offers a data compression advan-
tage and hardware complexity advaﬁtage over & Bit PCM bui suffers

in a system comparison due to the dlstortron which although

“listed as moderate (for most appllcatlon) is 1nadequate to meet

the STP Converter requirements unless the data compression

advantage is lost.
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SYSTEM TRADEQOFF (continued)

Multi~Bit Delta Modulation offers a 2 te 3 to 1 data com~
pression over PCM and if properly designed can have very Llow

distortion and can meet the STP Converter specification. Its

- hardware complexity may be greater than PCM but for an applica-

tion like the STP Converter, the resultant data compression

and the conseqﬁent reduction in memory make Multi-Bit Delta

- Modulation a most attractive alternative, The required power

is about double that the PCM but'again a ébmpafable saving is
made in memory power. Differential PCM offers comparable data
compression (éctdally-a little less due to extra coding over-
head) to Multi-Bit Delta Modulation and offers the advéntage

of no distortion compared to BCM. Unfortunately elastic buffers

- arve required which adds a syétem ﬁEnalty far in excess of the

‘somewhat improved distortion,

Two. Dimensional Multi-Bit Delta Modulation offers a 3 - 41

compression over six 6-Bit PCM and has acceptably low distor-

tion. The increased hardware complexity and power consumption,

' however, are excessive in overall system cost when compared to

the reduction in memory required, In addition, the higher in-

~ ternal speed required results in the hardware operating near

its technology limit or am even greater increase in complexity

for parallel processing.

, Transform coding compressiun (such as Harry Slaﬁt,'and Cosine
Transforms) is listed for completness since these techniques are
cﬁrfenﬁly receiving a greaft deal of attention and offer very

attractive data compression ratios with low distortion, The

. amount of hardware required for a weal time, 2 dimensiomal trans-

form data compression is many many times more costly then any.

saving in memory gained by the improved data compression ratio,

A weighing Q£-the:élternatives aiscusséa above resulted in
Multi-Bit (one dimensional) Delta Mbdulatidn.bEing selected as
the A/D Conversion Techniqueg., The selected comversion technique

ig-3 Bit Delta Modulation with an infinite time constént single

. integrater, The details of the implementation will be discussed

in Section 4.0,
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SYSTEM TRADEDFF (contlnued)

Table 3 2 presents a-summary of the tradeoffs of a 2 field
delay vs, a & field delay for the quantity of memory. The &
field delay is twice as complex and costless, 1/2 as reliable
and consuﬁes twice as much power. In addition, the color trail-~
ing of moving objects is twice as large as that for a 2 field
system, The system performance advantage for a & field system
is that if no vertical matrix is present, the vertical modulation
transfer function (MIF) at 490 TV line is 1.0 as compared to a
parallel color system while the 2 field delay system reduces
the vertical MTIF to 0,33 at 490 TV lines. Thils reduction is
caused by theé interlace scan system with odd and even fields.

In a 2 field HEMOTY system, the composite parallel output alwéys
has 2 field currently aligned and one field misregistered ver-
tically.by the pitch of one scan line, This misregistration
does not occur in a & field memory system and the loss of verti-
cal MIF does not occur. The loss of vertical MIF at 490 TV lines
however, does not present a STP converter from meeting its spec~

ification of having a vertical resolution of 330 TV lines, The

basic scanning process with the resultant Kell factor limits the -~

vertical resolution to about 330 TV lines long before the effect

of 1/3 field misregistration would limit the resolution. The

considerations discussed above resulted in the selection of a

2 field délay memory due to its major hardware and'feiiability

‘Advantage together with the fact that its use does not prevent

the resolution specification from being met. Tests on the final

equipment have verified that this was a valid choice,

Table 3.3 lists the hardware implementation tradéoff on the

. design of the Delta.Modulator/Demodulator The all analog

approach is the most attractive in terms of complex1ty and power

- programs which ‘do not have the stringent stability and noise spec-

consumption, This approach has been used successfully on many

ifications required for the STP Converter, It is doubitful that :
on all analog 3 Bit DelLa Modulator could be built meeting the
STP speclflcatlon Wlth the 1oug term stability requlred for a

space mission.



2 Field Delay selected for STP Converter,

IS ‘
oy TABLE 3-2
Ry M en) '
=11 2 FIELD DEIAY vs. % FIECD DETAY
O g MIMORY TRADEOFFS .
=t
B _ R VERT MTF
POWER ‘
RELTABILITY ' AT 490 TV
_ GONSUMPTION  LINES
2 Field. Delay _ 1 | 3 20 Watts .33
4 Field Delay 1/2 . 4O Watts 1,0
I : ‘ (Only if no

Vert. Motiom)

- COLOR

. TRATLING -

1/30th second

1/15th second

COST -
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SYSTEM TRADEOFF _ (continued)

. The all digital approach offers outstanding stability and
requires no alignmént. Unfortunately, components which would

kave permitted fabrication of an all digital approach with

adequate timing wargin were not availiable when the design

decision was made in early 1974.

A Hybrid Analog/Digital Delta Modulator and an all digital =
Delta Demodulator was selected as the final design for the
STP Converter contract., This approach is capable of meeting
the specification and could be built in 1974 with available

components.

The mejor hardware implementation tradeoff was in the choice
of wemory technology, Table 3,4 lists the memory technologies
considered and tﬁis system tradeoffs of interest for the STP':
Converter, DProgram schedule required the selection of memory
elements which were available in February of 1974, As illustrated
in Table 3.4 the schedule constraint limited the choice to P MOS

shift registers, cores or ¢ MOS RAM's (Drum, Discs and Delay

lines wers properly excluded from use in the contract).:

Core Memories are well developed and feature good reliability
and.low cdsﬁ, unfortunateij.tﬁey héve é severe ﬁeight and poﬁer
penalty compared to P MOS Shift Registers., C MOS RAMs have a
power advantage over P MOS Shift Registers and more graceful
failure mode advantage, but suffer a severe size and we zht dis-
advéntage. In a&ditiongztﬁe éaét’per bit was much higher and:the

technology was not as well developed as P or N MOS,

Cansideraﬁion of ail of tradebffs-related”tb the memories.

resulted in the selection of P MOS Shift Register, If the choice

were td'be"remédé today the choice would be between N MOS RAMs

or Chafge Storage Device even though the P MOS Shift Registers

were and are adequate for the application.

-



All Analog.

" ATl Digital

- Hybrid Analog/

Digital Delta

 Mod. & Digital
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TABLE 3-3

DELTA MODULATION/DEMODULATION HARDWARE TRADEOFES

 COMPLEXTITY

" Lowest

Highest

Mo derai‘é
To High

DELTA MOD.

. POWER

CONSUMPTION
WATTS

5

28

23

PRECISTON

STABILITY.

Can Not
Meet Long
Term Drift

Regquirements

Outstanding

Non~Critical

ALIGHMENT

. Very
Critical

) Non-ReQuired

Simple

" Non~Critical

T.OOP
TIMING
MARGIN

Adequate

'Adequate when new ECT:

ROM's are availzble
mid 1975

Adequate to Marginal (D/A
Converter Tmprovement
Recommended)



TECHNOLOGY

“Bubble

N'MOS RAM's
(6K}

P MOS Co
Shift Registors
(2R)

- Chaﬁ:ge Storagé
Devices - (16K}

Cores

G H0S Rai's {.5K)

Drums, Discs,
___Delay Lines

. AVAILABLE . AVAYTABLE
TEB. 1974 FEB, 1975

No

No

Yes

- No

Yés

Yés

Yes

No

Yes

Yes

Yes

Yes

Yes

Yes

-

TABLE 3~4

e

MEMORY TECHNOLOGY TRADEOEFS

SIZE &
WEIGHT

0'.1

Large

. POWER

CONSUMPTION

WATTS

20

T 20

10

80

Large

PERFIRALS
REQUIRED

Moderate

‘ H:I.nimuni

Moderate

Minimum
To Moderate

Severe

Mindmun
To Moderate

ATITVOD 8004 40

SI TV TVNIDLIO

COMMERCTAT,
cost £
PER BIT

0.05

0.2

0.4_..

0.4,

0.3

10

reliability.,

Reliability uncertain, may
have severe temp. range
limitation,

Good packaging density and
reliability plus excellent
failure degradation.

Good packaging density and

Excelent packaging & Power .
Tnecertain reliability plus
fair failure degradation.

Severe power & weight penali
good reliability.

Severe size & cost penality
technology not as well de-
veloped as P and N~¥0S.

Bulkey, High Power, heavy
excluded from use in contrac -
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4-0'

4.1

4.1.1

DELTA MODULATOR/DEMODULATOR

Basic operation and testing of the Delta Modulator is outlined below

along with necessary bloek diagrams and fables.

General Description of Delta Modulator

The general operation of the Delta Modulator is broken down into three
major areas, Analog TInput Circuits, Quantizer and Code Converter, and

Digital Tntegrator. The following diagrams are used in the operation

description: Figures 4.1, 2, 3, 4, 5, 6).

' Video Tnput Analog Circuits

Figure 4.1 is a block diagram of the Delta Modulator showing the various
functional blocks which make up the subsystem. TFigure 4.2 is a bleck
diagram of the Analog Imput Circuits. The video input signal from the
camera is buffered by an input amplifier. Input impedance is 75 ohms.

A 5 m.e. 5 pole filter is used as the pré—sampling filter for the wvideo
input data. The output of the filter is buffered with an (A.C.) coupled
noﬁ—invarting amplifier. The amplifigr has an offset adjustment to

center the video signal about ground. Reference Drawing (007).

The video signal is split at the output of the A.C. ccupled amplifier.
One signal is buffered and sent to the memory sync cireuits. This
signal ig used to generate the vertical and horizontal timing for the
memory and Delta Modem.

The other video signal is seiit to the blanking amplifier (reference
Drawings (003), (00L). The blanking amplifier imserts a reference
ground level into the éignal to be quantized. The Sigﬁal to be qﬁaﬁtized
is then symmetrical about ground with a peak-to-peak video signal of

about .85 volts. Tt is necessary to do this so-as to use the full

’dynamic range of the delﬁa modenm. Offset ad justments are provided to

adjust the reference blanking level to .00 volts.
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'— % TIGURE 4.3 - BLOCK DIAGRAM QUAW={ZER AND CODE CONVERTER ELECTRONICS S

SAMPLE STROBE

' ; OUTPUT CODE
CODE 3~BITS

CONVERTER | |
- - ‘. STRATGHT BINARY
7BITS -3BITS [ . M) 000
| 001
010
011
100
101

110
111

CODE
CONVERTER
FOR
WEIGHING
MATRIX

STEP SIZE CODE
TO DIGITAY. INTEGRATOR

MODIFIED BINARY

111 418
110
101
100 +58
000 -85
001 '
010
011 ~LS
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4.1.2

Video Tnput Analog Circuits (Continued)

Another requirement for having a blaunking veference level is that the
digital delta mod-demod has to start frpm a reference level. The delta
demod is. blanked to this referenée level during retrace (horiéontal and
vertical syne time). The first sample out of the Delta Modulator is
refefeuced'to'this blanking level; hence the delta mod-demod will have
amplitude tracking in the digital integrators. The memory unit blanks
the data during_retrace; hence any data output during retrace is false
information and wouid'startftHE'delta demod in error if allowad to
integrate during retrace; hence we blank both mod and demod digital

integrators to the reference ground level..

Because we blank both the input video and integrator signal to a

reference blanking level, the largest error signal which can occur at o
the digital integrators of either the mod or demod is one small size

step at the beginning of any scan line.

Summer Quantizer

Figure 4.3-is a block diagfam of the Summer Quantizer electrqﬁics;-.

reference Drawing (010).

The summing amplifier is an inverting operational amplifier, reference

Drawing (001). It has a closed loop band width of about 80 me with a

-signal propagation delay of about 8 ng. The summing amplifier sumethe :

output of the digital integrator and the blanked wvideo input.  The output
of the summer drlves the seven quantizer ampllflers used to quantlze the

loop error 51gna1.

- The quantizers used afe {AM 685) They have a. nomlnal 7 ns propagatlon

delay and also has an internal stroba. ThlS strobe is used to sample
the gquantized data, and is the referen.e tlmlng point for the closed

loop system, reference Figure 4.2.3.
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4,1.3

Summer Quantizer (Continued)

The quantized sampled data is then used to drive the digital loop
integrator, and this data is also coaverted to a 3~bit bimary code,
which is the outputted data of the delta mod. '

‘The output 3 bit code is generated in a 7 line to 3 line MECL 10K
priority encoder. This encoder is sampled by word clock (WS), and

the 3 bit data code is outputted to the digital wmemory for reformatting.

The QUantized data to the integrator is a modified binary code, and it

is coded to represent the quantlzed step size (111 equals largest

V POSlthE Step, and (011) equals largest Negative Step size).

 The step size code pertains to a particular welght Whlch 1s added or

subtracted from the dlgltal 1ntegretor.

Digital Tntegrator

A block diagram of the digital integrator is shown in Figure 4.4, also

reference Drawing (012).

The digital integrator eccumulates successive samples of the quantized
error forming the reconstructed video signal. - This reconstructed

signal is fed back to the summing amplifier and differenced with

incoming video to form the error signal.

The integrator consists of an input signal complementer, arithmetic

unit, memory storage, and a digital to analog~converter;f The integrator

is implemented as an infinite time constant integrator, as contrasted
with an aualog verszon which would have 4 finite time constant (leaky

1ntegrator)

A Welghtlng matrix is used to determlne the correspondlng error step
size added to the 1ntegrator. Thls Welghtlng matrlx was 1ntended to

select a variety of large and small step sizes for evaluation of

- ~dynamic response and noise performance, refervence Drawing. (011).
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- design features a mﬁltiplexed 9 Bit Full Adder. The total full add

not be possible te r’ose the digital delta mod loop in less than the

The output  of the add~subtract loglc is stored-in the one bit buffer
Vmemory, whlch completes the integrator logic, Succ3351ve samples are

added and stored reconstructing the sampled input video data.

Digital Toteprator (Continued)

Because of the limited amount of time available to close the deltz mode
loop at 12,25 m.s.s. rate (80 nano-second), it was necessary to wire
across the delta mod weighting matrix, and fix the step size input to

the (ALU)arithmetic logic unit., This was necessary because of poor

~settling time of the D.A. converter (25-30 ns).

In order to decrease the full add cycle time of the MECL ALU, the

time can be cut in half (44 ns to 24 ns) by selecting the correct sum

based on conditions of carriers in the ALU, reference Figure &.5.

Figure 4.5 gives the conditions for selection of the proper ALU sum

to be mulviplexed. The ALi''s arefarrénged with and without carry in

S Y

add one. For example, if we wish to add two Binary Numbers together

T,

(both numbers positive), we first select ALU (1 -~ 4) A. We next examine
carriers Cl,'Cz,'C3 and Cézto determine which succeeding ALU will be
selected. 1In this manner it is possible to select the proper sum in
less than 14 ns. Multiplexing of the outputs takes about 6 to 7 ns

with a total full add- subtract taklng less than 24 ns.

A full ripple through full add subtract with look ahead carry would
take about 43 ns. This would be an excessive loop delay and it would

prescribed 80 ns time.

The digital word which exists on the buffer memory is inputted to a high
speed dlgltal to analog converter. This 51gna1 is transformed to an
analog voltage This voltage is used to form the error signal when

summed with the input video.
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: _GDNDITION:

- If Subtracting:

TF Adding:

Valid Combinations = ABE + ABF + ADE + ADF

FIGURE 4.5
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Bits
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(CGnly in Subtract {B) used)

: . 'The Conditions of the carriers determine selection of €, D,fE; F

The Condition of ADD or SUBTRACT determined by (MSB)
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4.1.3

4.2

4-2.1

Digital Intagrator (Continued)

- The above described components when intercommected as shown in Figure 4.1

and Drawing (012) form the digital delta modulator.Propagation delay of
the loop is 80 ns, which is sufficient to assure operation of the loop.

General Operation of the Delta Demodulator

The féllnwing outlines the general operation and testing of the digital
delta democdulators. Reference will be made to the following figures,

4.6, 4.7, 4.8, and 4.9.

General Operation

A block'diagrém of a digiral Delta Demodulator is shown in Figure 4.6.

This block diagram shows a single channel demodulator. The actual
delta demodulator has thfee identical channels for the Red, Blue and

Green fields.

There are two basic sections of the demodulator; the digital code

converter and integrator, and the analog output cirvecuitry.

The bimary input codé is first converted to a bipolar code (standard
binary motation for plus of minus weighing). The input code is then
weighed_depending on the particular system response desired. Weighing

is done by the step size converter.

Step sizes are selected by a front panel control switch which adjusts
the four coded steps. It should be noted that this step size control
was bypassed in the modulator unit. The modulator step size was set

to correspond to a code (3434), reference Drawing (011). The code is

_read largest step first, smallest step last, and from left to right on .

the fromt panel. The code can be changed im the modulator if desired

by rewiring the code weights. The demodulator is still conmected to

the code selector switches and hence must always be set to 3434 as lbng

ag the modulator is wired for this code.
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4.2,1

4.2,2

General Operation (Continued)

The weighed code is imputted to the digital integfator and summed with
the feed back memory signal. The integrated (reconstructed signal) is
then outputted to the digital to analog converter, and analog processing

electronics.

Description of Arithwetic Unit In Demodulator

The Arithmetic Unit in the Demodulator consists of two ALU's, a full
adder, 8 modulators, 2 complementing gates, and a l-bit delsy memory.
This unit performs a nine bit add-subtract with the input data from the
weighing matrix and the one clock period delayed sums from the memory
(Figure 4.7).

Input data from the weighing matrix consists of 9 bits In standard sign

magnitude form. The most significant bi. contains the sign information,
a one representing a negative number and a zero a positive number. The 8

least significant bits contain the magnitude information.

SIGN BIT
" YXXXXXXXX

MAGNITUDE

When the sign bit is high the complementing circuit is activated,
insérting the complemented magnitudé bits into the ALU's instead of
the normal sum. If the sign bit does not indicate a negative number
the weighing matrix word passes directly into the adder's. The output
of the complementers is summed directly with the one clock delajed sums
from the Mamory. There is no recomplementing necessary at the output .
of the adders when the weighing matrix input is a negative quantity{
This is possible because the D.A.C. is operated in the unipolar wmode

(seebTahlg 1). . The adders operate in a straightforward mamner except

' when the weighing matrix vector is negative When this occurs an end

around carry is generated out of the full adders. This carry must then

be added back into the sum in the adder..
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4.2.,2

Description of Arithmetic Unit In Demodulator (Continued)

Because the D.A.C. is operated in the unipolar wode there is no

characteristic problem of a positive and a negative zero normally

associated with one's complement arithmetic.

TABLE 1
1111 7
1110 6
1101 5
1100 4
1011 3
1010 2
1001 1
1000 0
0111 -1
0110 2
0101 -3
0100 = <&
0011 -5
0010 -6
oon1 -7

Four Bit Sample Array of nuwbers
which are clocked'directly into
the D.A.C. and which are also
delayed one clock period and
summed with the sign magnitude

data from the weighing watrix.

The operation of this circuit can also be exzplained by several 4-bit

exampleas.

The addition of a negativa number :irom the weighing matrix to a positive

number from the memory is shown as:

<& 1100
11011
2. 1010

0101

0001
-2 0110

,,/

Nara from weighing matrix

Complemented data

1 Clock delayed sum from memory.

. End around carry added in

. Final Sum



4.2,2 Description of Arithmetic Unit ¥n Demodulator (Continued)

Words appear from the weighing matrix in sign magnitude form. The

' magnitﬁde is then complemented bafore beiﬁg-insérted in the adders.

E‘ ' The coding of the delayed memory sum can be checked with Table 1;

1 notice that since the weighing matrix sum is negativevthat an end
around carry is generated out of the most significant bit and must be .
added into the fimal sum. The coding of the final sum also may be

_ checked on Table 1.  Additional examples of arithmetic operations are
shown below. They demonstrated the addition of two negative numbers,

¢
|
!
|
o two positive numbers, and a nepative number and a positive number which
l .
[ add up to zero.
;

e - _ ~4 L1100 =4 1100
'? End around 11011 loLl
5 carry
| -2 0110 + 1100
! 0001 |
: 0001
| | -6 0010
| FIGURE &
!
| 4 0100
2 1010
| 6 1110
i FIGURE 5
R S 1100
o S . End around 11011
i o ' CaTry '
% o o 1100
{ c T : 01111
'% 0001
i ,
! 0 1000
I FIGURE 6

All of the initial delayed sums and final sum can be:checked on Table 1.,

T sem e e e e s e .




4.2.3

Delta Demod Analog Circuits

Figure 4.8 shows the analog circuits used to process the digital

output signals. Reference should also be made to Drawing (008).

The output of the digital integrator is converied to an analog signal
by the D/A converter. It should be mentioned that the digital word

appearing at the Integrator of the delts mod is identical to that

appearing at the digital demod integratoxr. The D-A converters are

current dacs and are initially matched with one percent resistors.

Gains are watched on the f£inal voltage output amplifiers.

Beczuse the output signal of the DAC can have a switching glitch, a
sample and hold amplifier is used to remove this spike. The sampler

is phased with a delay line so as to sample the analog output during -

-the middle of a sample period, reference Figure 4.%a.

A five pole filter is w:ed to smooth the output of the sampler and to
remove the eclock sampling edges £rom the video.

The video is summed with composite blanking and composite sync.

Composite Sync and blanking are obtained by combining the delta
demodulator blanking furnished by the wmemory sync separator with a
composite sync signal generated also by the memory. These signals are
combiﬁed in a current switched amplifier."The levels of the blanking
and sync can be adjusted independently. This is necessary because the
video reconstructed from the digital integrator was modified to use

the maxiwum dynamic range of the delta modulator, reference Figure 4.9b.

The signal gains of each output ampiifier are adjusted to track each
other within % .5% and the output level of the fifth step of a 10 step

‘gray scale is adjusted to within 5 mv of each other.

The output video amplifier is designed to drive a 75 ohm terminated load.

Ll

-’

e
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4.3 Desien Trade-off Analdg;vs‘Digital Integrator

{ j T As described above the design approach was to use an all digital loop

' integrator, The initial deéigh'was to incorporate én all énalbg

integrator. This design approach had to be changed due in part to the

required accuracy of the amalog current switches. This accuracy was

S approximately .01% of £ull scale for a full 620 sampie gean line. This

aécﬁracy ﬁas required because any offset current would be integrated

(pius.dr minus) during the scan line time and Hencé the absolnte value

: of the integrator at the end of 2 scan line could be in error by as much

as 5% under worst case conditiqns. Because of the difficulty in main- b
taining this accuracy it was felt'that an all digital in:egfatbr had to
be implemented. Tt should be pointed out that the limiting constraint
placed on the delta mod was that it had to operate with an almost

- infinite time constant. This constraint was placed on the system by

the requirement that all th:ee output ghannels (Red, Blue, Green) had

to track within 2.5 mv of each other with a one volt peak~to-peak output

signal. : . 7 ?

N N

(f} ' in order to achieve this requirement it was necessary to ﬁéé an éll
digital delta demod implementation. By doing this we could use a
digital to analog converter as the analog output device for each delta ' ' _
demod. This would allow us to normaliza the analog out from all three o *3
channels during blanking (all channels start from same refereﬁcé point).
This also coﬁpénsatéd for any offset in the'delﬁa modem due to bias
‘error because all three data outputs use the same analog to digital

A : . converter. The most important conmsideration is that the D-A converter

is driven by a digital word, hence there is no accumulative error due

to temperature drift on the circuits.

4.3.1 lHybfid'Delta Modem

Based on the above constraints and limitations a hybrid delta wodulator o

was developed. The modulator was discussed in sectiom 4.1.1.
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4,3.1 Hybrid Delta Modem (Continued)

The features of this approach employed use ©of an analog summer and
quantizer coupled with a digital integrétor and digital to analog
coaverter. ‘This approach was not optimum because of constraints on

the D—A converters available for use (settling times were excessive
“for eight bit conversions, 10-15 ns). This excessive settling time,
coupled with the conversion glitch, required the delta mod. loop to
operate in a marginal condition, The marginal condition was excessive
loop'time in converting a sawple and feeding this sample back for
comparison with incoming»vided} Closed loop times of about 75 ns Eo 80 us
were experienced, which left almost no wargin for temperature variation
of components in the loop (closed loop time for 12.2 ms is 82 ns).

4.3.2 All Digital Delta Modulator

An all digital delta mod-demod is proposed for any follow-on effort.
An all digital unit would improve loop time and eliminate the D-A
converter in the loop. Both mod and demod would be all digital and
would require almost no alignment or adjustment with the exception of

the input and output analog processing circuits.

Figure 4.10 is a block diagram of an all digital delta mod. The
difference between the hybrid design and the all digital design is the
replacing of the analog circuits in the closed loop with digital circuits.
Specifically these would be the analog summer'amplifier replaced with

an 8 bit ALU; the quantizer replaced with a digital look up comparator
(Random Access Memory, RAM), and the digital analog converter. We

would not need to convert the stored integrator word to an analog 51gnal>
hence we eliminate the need for a D-A converter in the lcoop. We must

add an A-D converter to the imput of the loop. This is necessary to
convert the analog video to digital samples. The 106p conversion time

of the digital loop is in the order of 60 ns. This would support a

real time sample rate of about 16.5 megasamples per second and would <

provide adequate margin for the loop.
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4,3.3

All Dipgital Delta Modulator (Continued)

As pointed out in following sections, with a sample rate of 12.5 mss

‘we were able to resolve 550 line horizontal with no noticeable

contouring of the video image when quantized with 3 bit.
It should also be pointed out that using the all digital approach, we
can easily change the quantizing from one, two or three bits to support

avaiiéble data bandwidths.

Uplink and Downlink Transmission of Digital Delta Mod Data

For possible transmission of video data over radio liﬁks a delta
modulator performs quite well., It afforde good data compression with
a minimum of equipment. (Two bit delta mod equivalent to & bit PCM
for black and white, 3 bit delta mod equivalent to 6 bit PCM for color

and 8 bit PCM for black and white.) The dlgital data can be easily

modulated PSK, or QPSK. The information quality versus link error rate

is quite good. Excellent performance at error rates of 10-3 can be

‘achieved using integrator update words which can be transmitted during

retrace. These update words are the exact values of the digital

integrator at specific times during a scan line. These values can be

buffered, stored and tramsmitted to the demod during retrace blanking

time. The words can be used to reset the demod integrator in the advent

of link errorsin the received digital data.

This process is not necessary when an analog modulator-demodulator is
used The reason being that the integrator is made to leak with a

specific time constant. In this way the delta mod-demod is D.C.

restoring and hence link errors introduced tend to integrate out. Delta

modulators of this type have been utilized at sampieAspeedé in excess

of 100 megasamples per second.

For the digital delta mode thw same pseudo error masking can be accomplished

by reinserting the exact value of the integrator at specific times. The

 amount of stored data required is equivalent to .about 3% of the line scan

data. It is also necessary to buffer one line of received data. This is

necessary to reinsert the updata data in the respective scan line.

Figures 4.10 and 4;11 show in bloék.diagram.form this process.
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5.0

5.1

5.2

MEMORY DESIGN DESCRIPTION

Block Diagram Descripiion Of The Final Désign

The two memories are packaged on six wire-wrap cards, The
associated data selectors and interfaces are packaged on the re-

maining two cards,

One memory provides dynémic storage of the three-bit coded
videc data for a delay of one vertical field. The second wemory
is cascaded from the first for a two~field delay, The current
video data, the one-field delayed and the two~field delayed data
provide simultaneous access to three sequential color fields.

4

The coded three-bit video data is converted into three 16-bit

. words by serial-to-parallel shift~registers to reduce the access

time required by the MOS memories, The actual shift rate of each
MOS device is further reduced by multiplexing the data 5:1, This
action reduces the power consumption in the memory to acceptable
levels. Each memory is implemented with 2048-bit MOS dynamic shift
registers in an 16 X 5 array per input bit. The shift rate during
active lines is 76.8 kHz (See Figure 5-1).

Three data selectors sort the current video data and the
memory data into red, blue and green color data. The data selectors
are controlled by the field address from the timing and sync card.
Dué to the cascading process in the two memories, the input sequern-
tial color reappears with a one-field and then with a two-field
delay. The data'selectors_provide simultaneous output for each color,
by-roufing the data from the méﬁofies as it reappears. The déta'.
from the data selectors is converted to three-bit video data by

serial to parallel comverters.

Timing Description
The two field delay memories store digitized video data sedquen-

tially for one television field each. The data selectors generate

" parallel color data from the current video data and the data from

the two memories, Thus, the three outputs from the data selectors

contain information from both the even and odd fields of the televi-
sion frame. In order for parallel color video to be registered
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Timing Description (continued)

properly the output of the memories has to be aligned such that
the odd and even field video overlay exactly. This alignment

is accomplished byvclocking the memory in such a manner that the
first digitized video sample of the first full horizontal line
appears at the outputs of the memories at the same time regard-
less whether the digitized video originated from an odd or even
field, (See Figure 5-2)

The incoming video is digitized at 640 samples per horizontal
line, Each field consists of 245 active lines plus vertical re-
trace of 17.5 lines, The required memory cells to store one field
of video is 245 X 640 = 156800 cells per bit of encoded data.

The memory is organized with 2048 bit shift~registers in an -
16 X 5 array for 2048 X 16 X 5 = 163840 memory cells,

Each bit of the digitized date from the Delta Modulator is
converted to 16 bit parallel words, Each 1ist of the 16 bit words
is sequentially stored in one of five 2048 bit shift-registers,

To store this data for ome field 156800 E 16 = 9800 shift-pulses
have to be supplies to the memory. The storage cells in excess

of the required number are 163840 - 156800 = 7040. These cells
are shifted during vertical retrace by 7040 & 16 = 440 shift-pulses
to provide dynamic refresh and position the data for the start of
the next field. |

The input video data is encoded with standard Sync for 525

line television. This sync produces a 2:1 interlaced raster with

~ the start of the even field delayed by one half line with respect

to the start of the odd field, The output data selectors use odd

and even field data simultaneously to genmerate the parallel color _
video, Thus, the data applied to the data selectors from the memories
has to be aligﬁed such that each field starts at the same Eime re-
gardless whether the input originated in the odd or even field,

This alignment is accomplished.by delaying the start of vertical

sync for the even field by one~half line. The modified raster

parameters, as far as the memory is concerned, are now as follows:

SRS



5.2 Timing Descrinticn (continusd)

0dd Field (18 lines retrace +245 lines video) plus
Even Field (17 lines retrace 4245 Lines video)
For a Total of 525 Lines (see Figuxre ).

The 9800 active video shift clocks are used'identically for
both the odd and even fields. However, the 440 dynamic refresh
shift eclocks are distributed as follows:

0dd Field: 14 Llines X 20 clocks plus 4 lines X 40 clocks
440 Clocks

Even Field: 12 lines X 20 Clocks plus 5 lines X 40 Clocks
440 Clocks

n

This method of storing and shifting the video data through
the field delay memories assures that the output parallel video
data is registered properly.

r
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6.0

6.1

TIMING AND SYNG

Block Diagram Description

The Timing and Synec functions include the sync separator, sync
regeneration, video data, sampling timing and the memory shift
clocks, (See Figure 6-1)

All the timing signals derive from a 24,5454 MHz crystal oscil-
lator. The clocl distribution network generates the 12,27 Mz
sampling clocks for the Delta Modulator, Demodulators, the sync
counters and the memory serial to parallel and parallel to serial

registers,

The active video counter counts 640 sampling clocks for every
horizontal Line, The output of this counter is decoded by the
memory timing generator to provide the memory shift-register clocks
and the parallel to serial and serial to parallel comverters. At
the end of the active video the horizontal retrace counter is ep-
abled. This counter counts 132 Sampling Clocks and is synchronized
to the horizontal sync pulse detected by the.sync separatof from the

composite video, The output of both horizontal counters are decoded

and output blanking pulses to the Delta Modulator/Demodulators. These

pulses synchronize the start of conversion in the Delta Modulatox/
Demodulators with the Field Delay Memory. The horizontal counters
also output Ewo equally spaced pulses for eVery'Horizontai iinE'ﬁo
the vertical counter. The vertical counter counts 525 half lines

or 262.5 horizontal lines for every field which is necessary to gen-
erate the vertical sync for a 2:1 interlaced raster. The vertical

counter is synchronized to the vertical sync pulse from the synec

-separator.,

The sync regeneration cireuits decode the horizontal and verti-
cal counters and assemble the hompbsité sync and-Blankiﬁg. The oui-
put sync is delayed 1,96 uSec. from the imput sync to compensate for

the processing delays through the memory.
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A modulo 3 counter is the color field address generator, This
counter tracks the color fields of the inpui sequential video and
controls the data selectors in the memory for the output synthesis,
The £ield address counter is advanced during vertical retrace and
i reset when the color sync during iine 18 of the green field is
detected,

Timing Description

Table 6-1 shows the measured pulse widths of the output com-

posite sync and blanking. All parameters meet EIA specification’

RE170 for 525 line composite syne,

Figure 6~2 is a timing diagram of the synchronization between

the Delta Modulator, the Field Delay Memory and the Delta Demodulators,

Point A on the timing diagram is the start of the active video. on
a horizontal lime., TFor the first four sampling clocks (A to B) the
Delta Modulator outputs zero reference level data, The serial to
parallel shift~-register in the memory cdnﬁerts every 16 inputs from
the Delta Modulator, starting at A, to 16 bit parallel word, This
16 bit word is stored im a register and then writtem into the first
memory at the trailing edge (@) of the memory one shift clock. The
16 bit word which has been stored for one fieid, is read out of the
first memory at ¥ and written into the second memory at J. The cur-
rent video data, stored in a register at G, the one field delayed

data, read out of memory one at F, and the two field delayed data,

 read out of memory two at H, are routed through the data selectors

and loaded into the parallel te serial shift-registers at D, Data

~output from the memory to the Delta Demodulators starts at D. The

first four bits of the output data (D to E) are the zero reference
for the Delta Demodulators. The interval between A and D is the pro~

cessing delay through the memory.
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TABLE 6~1
STP HORIZONTAL SYNC PARAMETERS

EIA RS 120
SPECIFICATION

STP

Horizontal Interval
Blaﬁking :

Horiéonta.l Sync

Froﬁt Porch

Back Porch

Equalization Pulses

Vertical Syne Pulses .

H.
178 H max, = 11,2 psec,

075 T 0051 =
4,718 psec, + .315 psec.

.02 H min, = 1,26 psec,
.065 H min. = 4,09 psec,

.45 H Sync to..5 H sync =
2.2 usec, to 2,45 psec,

SH-(O07HT 011 =

27.67 ysec. to 36,48 psec,

62.9 psec,

10.76 yseec.

4,89 ysec,
1.47 psec.

4.73 psec,

2.45 psec,

' 35.53 psec,
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7.0 RELTABILITY ANATLYSIS

\h}‘ | It is important to asses the reliability of a spacecraft
packaged version of the STP Comverter, The breadboard design
that was completed and delivered was used as a baseline to
compute the estimated reliability performance of the STP Con-

verter,

It is assumed that a different reliability philosphy is
appropriate for equipment planned for the Space Shuttle program
than for conventional long Llife unmanned space equipment,

The assumed philosphy is that the typical mission life is
short (168 hours) and that repairability even limited on orbit
repairs are not excluded, To this end the basic single thread

; probability of survival (no redundancy or degraded modes of

operation permited} for a 168 hour mission is of interest.

Figure 7-1 is the Reliability Configuration block diagram
used for the reliability analysis of che STP Converter. The
g”} failure rate in failure per 10® hours for each block are in-
cluded in each block., Table 7-1 is the back=-up data containing
the total part counts and failure rate for each block shown in

Figure 7-1.

| : Inspection of Figure 7-1 indicates that the single thread
i . failure rate of the memories at 81,514 failure per willion hours
dominates the total single thread failure rate of 96.037 failures/106

! hours,

% Using the single thread failure rate of 96,037 F/106 hours
results in a reliability of 0,984 for a 168 hour mission, This
i number may not be sufficiently large. ‘A number of.approacﬁes may
be used to improve this number, The most obvious first approach
T S .would be to include a single redundent memory card or to allow
the system to degrade to a 2 Bit rather than a 3 Bit Delta Modu~
lator éystem in the event of a memory or a single Delta Demodula-
;m: _ ' tor failﬁre. vIn either.case,.the reliability by this siﬁgle cost
o effective measure is improved to 0.995 for a 168 hour mission.
This may be adequate, if not additional redundancy may be applied
to imprové the reliability even further,




"DELTA

EMDDULATOR

i
INBUT | 4, 374

ENORTES | PEE ) O
| - DEMOD, BUFFER

< CARD 5
81.514

918 1.395

De/ne
CONVERTERS

6.0

|

(19.492 ¥OR
2 0UT OF_B)

DELTA

DEMOD,
CARD 6
I.918 1

2/3 REQUIRED

TOTAL T/R 96.037 / 10° Hours

FUNCTIONAL F/R 30.858 / 106 HOURS (2/3 REQUIRED)

RELIABILITY FOR 168 HOUR MISSION:
R, = .984 |
R2 = ,995 (I_REDUNDANT MEMORY CARD)

FIGURE 7~1

RELTABILITY CONFIGURATION BLOCK DIAGRAM

OuIPUT




Part Siress and Failure Rate
Ckt : - Stress Failure Rate ~ F/10°% Hours. I
Ref Component-Deseription QryY., Ratio - - — \1
SAl
Transistors, G.P, & .008 .032
Transistors, FET 1 .035 .035
Resistors, Film or Comp, 19 .002 .038
Capacitors, Ceramic 13 .002 .026
Capacitors, Tant, -2 .001 .002
Coils 2 .005 ,010
Diode Array 1 .010 .010
SUBTOTAL .153
Transistors, G.P, 12 .008 .096
Resistors, Film or Comp. 28 .002 .056
Capacitors, Ceramic _ 12 .002 024
Capacitors, Tant. 2 .001 .002
Al SUBTOTATL .178
Resistor, Film or Comp, 3 .002 .006
. Commectors, BNG . . . _ .2 .040 . 080
' SUBTOTAL FOR ABOVE ' Y]
Above CGircuit 3 1.251
Above Circuit 2 OQut of B 0
COMMON PARTS
Transistors, G.P, 3 .008 .024
Resistors, Film or Comp. 7 .002 014
Capacitors : 3 ,002 .006
Comectors, BNG 2 2040 ,080
Connector, Card 1 .020 .020
SUBTOTAL, COMMON . L4k
2 Out Of 3 144
3 Out Of 3 1,395
Memory Cards 6 10.337 | 62,022
. Timing & Sync Card 1 4,330 4,330
Intexrface Card (Type C) 1 5,335 5,335
Interface Gard (Type D) 1 3.002 3.002
Connectors, BNC 20 .045 .800
Tarminal Block 1. ,010 . ,010
Rectifiers, IN2519 3 .005 015
DC/DC Converters 3 2.000 6,000
TOTAL 81,514
If memory cards are 2/3 for success
then functional common is 19, 492 for'
: Dhalance of memoryv oroup.. e . -
zmbly Na : | Amb. Temp. [k Factor
Assembly Name ' - P PHILCO &>
STP _ Philco-Ford Corporaticn
FIELD DELAY MEMORIES SUBSYSTRM Date __ A o rmatt Labgralares Dlvsion
: . ) 2-13-75 Patg Allp, Califarnia 84303 |
Assernbly P/N . _ : '
. WDL-ST-A20400 Page . of

WBL—2340B
11-72
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Part Stress and Failure Rate
Ckt . . Stress Failure Rate - F/10° Hourz
- Ref Component-Deseription QTE, Ratio - N —
L v — _ _ , |
Integrated Circuits, Digital 22 , .050 1,100
MOS IC's ‘ 90 . 100 9.000
' DIP Resistors - 16 PIN = = = 3 - | .oo8 024
DIP Capacitors = 16 PIN 5 o .008 .040
Resistors, Film or Comp, 25 .002 .040
" Diodes, IN400L | 20 .002 .040
Capacitors, CKO05 30 ' .002 .060
Capacitors, M39003 . : S| 3 .Q01 003
Connector, Card ' 1 .020 | .020
TOTAL | 3 © | 10.337
|
i
{
)
4
)
y =
{
I
i»
|
|
|
I
E
:
| ORIGINAL PAGE IS
: OF POOR QUALITY
!
| Assembly Name ' Amb. Temp. |k Factor ' '
S _ e . _ PHILCG &>
sTP - ' S o Philco-Fard Corporation '
’ ) . ’ Western Development Laboralories Division
MEMORY CARD Date 3839 Fabian Way :
2-~13~75 Palo AIIo.'QaliIornia 94303
Asserably P/N ' : C ' S
' o WDL-ST-420400 = Page - of

. WDL—23408. -
Tz
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Part Stress and Failure Rate

_ g’;\i Component-Description Qry, ?;:5 ; k'Failure Ra;e - P00 H::::].
Tntegrated Circuits, Digital 79 .050 3,950
Tntegrzted Gircuits, Linear 2 .050 .100
DIP Resistors 5 .008 040
Oseillator 1 .020 .020
Resistors, Film or Comp, 40 .002 ,080
Capacitors, CKO05 35 .002 070
Capacitors, M39003 & .001 .004
Diodes, Si, L., Power 7 .002 014
Transistors, NPN, 3 W 2 008 .016
Transistors, ENP, 3 W 2 .008 .016
Connector, Card 1 .020 020

o ) ot

TOTAT 4.330
Assembly Name | Amb. Temp. |k Factor ; :
PHILCO
- BTP PR : | » Philco-Ford Carporation :
: ] - Woestern Development Laboralories Divisio
TIMING & SYNC CARD 1 Data. . 7 3939 Fabian Way
' _ —— = 2~13-75 Palg Alt; California 94303
1 Assembly PIN. - T 1. -
WDL~-ST~-A20400 Page .of
WDL—2840 B

Tz
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Part Stress and Failure Rate

. . . -]
Ckt ) L Stress Failure Rate - F/10° Hours
Ref Component-Description QrYy. Ratio N " o
Iﬁtegrated Circuits, Digital 103 .050 5,150
DIP Rasistors 14 .008 .112
Capacitors, CKO05 25 .002 .050
Capacitors, M39003 3 .001 .003
Connector, Card 1 .020 .020
TOTAL 5:335
Assembly Name Amb. Temp. |k Factor
PHILCOD
: STE". ) ) . .| Philco-Ford Corporation .
. Date ;\;eas;e';nbl?evel‘:?pmam Laboratories Division
7 apian wa
INTERFACE CARD (TYPE C) ) 9-13~75 Palo Alto. Califaryma 94303
A Assembly PIN o o e .
' WhL-S8T=~A20400 Page of
WDL—2940B

072




. Part Stress and Failure Rate
f Ckt . - o . Stress | Failure Rate - F/10% Hours
i v Companent-Description QryY, e
AR Ref Ratio k A Total
IR |
) Integrated Circuits, Digital 57 ,050 2,850
DIP Resistors 10 .008 .08
Capacitors, CKO5 Type ' 25 : .002 L0350
Capacitors, 439003 Type 2 .ol .002
1 Connector, Card = 1 .020 .020
TOTAL 3.002
|

| Assembly Name ' ' - Amb. Temp. |k Factor ‘ _

PHILCO
TP ' Philco-Ford Corgoration
= . ) . Date o Western Development Laborataries Division
| INTERFACE CARD (TYPE D) o | 3339 Fablan Way
_ b 2~13~75 Palo Alte, Galifornia 94303
Assembly P/N
. WDL-ST-A20400 . . Page . of -
WDL—29408
B
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1 Part Stress and Failure Rate
Ckt . Stress Failure Rate - F/10° Hours
Component-Bascriptic: QrY.
; ““} Ref Ratlo k A Total
FILLER & BUFFER
Transistors, G.P, 7 .008 .056
Diodes, Zenmer . - 1 .01 .010
[ Resistors, Film or Comp, 21 .002 042
i Capacitors, Ceramic 8 .002 .016
“ Capacitors, Tantalum 3 .001 .003
Coils 2 .005 .010
| L0
‘ SUBTOTAL +137
AC
E 1ransistors, G.P. 2 .008 016
| Tategrated Circuil 1 .050 .050
| Diodes 5 .002 010
] Diode Array 1 .010 .010
i Resistors, Film or Comp., - 10 .002 .020
% Capacitors, Ceramic 5 002 .010
SUBTOTAL .116
' Al ' ‘ 1 .178 .178
{ ‘8Y1 1 .176 .176
|
! OTHER
i Tntegrated Circuit 1 .050 .050
b Transistor 1 .008 .008
gt Diode, Zemnexr 1 .010 ,010
i Resistors 8 .002 .016
Capacitors, Ceramic 3 ,002 .006
Capacitors, Tantalum 3 .001 ,003
Comnectors, BNC 2 .040 .080
j Connectors, Card 1 .020 .020
b SUBTOTAL .193
| TOTAT, .800
|
I
-
Assembly Name . Amb. Temp. |k Factor.
:‘; STP Phitco-Fard Corporation
i : Wi Deve! t Lab ies Diviss
[E CARD 2 Date Sge;sle;:biae:uavﬁ:ymen aboralpries Division
M e, 2=13=75 . | Pate Alte, Gatifornia 94303
B H e Sl o . S
R )
it " | Assembly P/N
| — WDL~ST=A20400 Page of
i
i

r-72
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- o Part Stress and Failure Rate
i' Cht Component-Description QrY. Stref s Fallure Rato - F/10° Hours ;
}l ' ) Ref Ratio k A Total
o e
‘; Connector 2 .020 .040 :
Connecior, BNC 1 040 . 040
Integrated Gircuit 1 .050 .050 |
Resistors 3 .002 .006
Capacitors, Ceramic 2 ,002 .004
Capacitors, Tantalum 2 .001 =002 ,
: SUBTOTAL, 2142
| BL BUFFER AMP, .
Transistors 2 .008 .016 ;
Resistors, Film or Comp. 8 002 .016 |
Capacitors, Ceramic & .002 .008
) Capacitors, Tantalum 2 001 .002
| ' ' ' SUBTOTAL 042
PIGGYBACK BOARD
: Integrated Circuits 17 .050 . 850
g (o Resistors, Film or Comp. 55 .002 L110
SUBTOTAL .960
TOTAL 1,144
|
|
!
|
g
Ii
As.sembly Name _ | o Amb, Temp. 1k Factor PHILCD &
STP _| Philco-Fard Gorporation
CARD 3B Date :\;\;%rge;gb?;:ex:yment Laborataries Division |
e _ _ _ 2-14-75 Palo Alto, Catifornia 94303 _ &
:r'”j Asserﬁbly.P/N . l
WDL~ST-A20400 Page of
WDL20405 .
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Part Stress and Failure Rate
Ckt " Stress Failure Rate — F/10" Hours
Component-Description QrY, .

Ref Ratio k A Total
Integrated Gircuits i3 .050 .650
Resistors, Film or Comp, 108 .002 .216
D/A Converter 1 184 184

TOTAY, 1.050
ORI »
0
' P0OR, o, AGE 1
Assembly Name Amb. Temp. |k Factor / ) -
o PHILCO &>
- _ - . _| Phitco-Ford Corporation .
: . CARD 3C Date : . s\l‘:easgle;nhtl}evil:pmenl Laborajories Div:suon
2-14-75 Palo Al?o,l?atifjfnia 94303
"l Assembly P/N IR _ '
WDL~ST-A20400 Page of

WOL—2940 8B

1172
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PACKAGING RECOMMENDATIONS

The STP Converter electronics, as presently configured, could be
packaged'ﬁs shown in Fng #1. This concept is compatible with.the
mechanical design requirements of North American Rockwell International
Specificatiﬁns for electronic equipment aboard.the Space Shuttle.

.'I.‘he weight and volume estimates as shown on the face of the draw-
ing represent gross estimates chat are constrained by the power being
dissipated. In fhe absence of definitive environmental criteria, further
refinement of weight and volusie cannot at this time be maﬂe.

To achieve these volumes, a packaging approach was selected that
designs the electronics on standérd hultiuiayer ceramic intérbonnect boards
of approximately 3.0 inches high by 5 3/4 inchas wide. These cards could
than be plugped into predétermined slots in the housing for mechanical
support and requirad heat transfer. The intercounection of these cards
would be made by a harmess or a multi-layer board at the bottom of the
housing., Access to this housing or multi-layer board wouldvbe throush a
ramovable bottom cover.

The electronics come in basically three forms: standard I.C._flat
packs; standard DIP packages;and discrete'transistors, diodes,.capacitors
and vesistors. The standard I,C, flat packs would be soldered directly to
the 3‘x 5.75 gerémic interconnect boards with the éualified DIFP packages
being handled.the same. For the discfatg parts, a stanﬂard 1x1 inch
hybridizeﬁ péckage could be uséd to minimize the'packaging meighﬁ and_volﬁme.
These 1 x 1 inch packages would then be soldered to the standard cards.

This will.thep reéﬁit"in.a mechanical design that ﬁﬁuld minimize

weight and volume while rataining maintainability and producibility features.
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DC/DC CONVERTERS

Power Supplies

Nesign Approach

The DC/DC converter requirements are =ffectively met by a'design originally
developed for the SMS program. This design is presently in production for
the NATQ III and GOES programs and is in orbital operation on the S$MS

spacecraft.

The.design utilizes an inverter wofking from a préregﬁlated bus. Fecdback
from the output transformer provides an error signal to the pulsewidth -
modulated preregulator to maintain constant output voltage. Each converter
is packaged in a T~frame module utilizing thickfilm techniques., Figure 1

illustrates this configuration.
The basis for this choice is:

4. Converter requirements are satisfactorily met by this design approach.
b. This choice has the advantage of being a proven flight tested design.

c. The thick-film packaging technique has produced demonstrated weight
savings, assembly and test-time savings, and unit-to-unit uniformity.

d. Development time and schedule risk are both reduced.

Detailed Requirements

"The converters must meet the following regquirements:’
" a. Convert the primary bus voltage to the voltages required by the memory.
b. Provide regulation for line, load, and temperature variations.

c. Provide turnon current surge limiting, output overload current limiting,
and overvoltage protection.

d. Isolate the using equipment from the input bus.

e. Filter the input bus voltages and veduce conducted interfercnce fed
to the bus.

f. Provide protection for the vehicle by preventing disablement of the -
input bus by a single component failure in a converter or in its load
cirenitry.

g. Maintain systems compatibility by carsful consideration of EMC
' requirements.
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Convarter Opcerational Boeseription

The converter is an inverter working from a prercgulated bus with fecdback

to maintain regulatiom. Its various functional sections shown in Figure 2 ]

are described in the following paragraphs,

Inverter
The inverter section consists of an astable multivibrator oscillator galing

ecircuitry for the transformer drive transistors. Carcful control of rise and

fall times allows a maximum of efficiency.

- INHIBLT
'LO_SC CIRCUTS
| —"1 'l
Input '
walN . RRENT S ‘ TRanswroRs F+ T s
T »] CURRE wWBRTH N
Bus LIMITER MoDULATsD [P PILTER *1 AND BIAS TRANSFORMER AND
FITTE SWITCH CRCITS FILTERS
Liier 1.
N ruise ‘1 ovERvOLTAGE
) Y YaTH gg%rmn_
TART gk NMopulatl {
g%?g?? Lo aﬂtf"gﬁ -+ \rot[_’r-xlee ° EHbT rOWN
REGULATOR HEGUI ATOR,
1 Q RETEREACE
FIGURE 2

CONVERTER BLOCK DIAGRAM

PWM Repulator

The pulsewidth modulated (PWM) voltage régulator varies its pulscwidlh with
The regulator takes

input voitage to maintain a comstant output voltage.

its feodback from an output of the transformer to stabilize the output voltages
with variations in inverter, tramnsistor, transformer, and load charactevistics.

The PWM regulator runs at twice the inverter frequency. The inverter is set to

npproxlmatély 55 kHz. This allows effective output-filtering with mipimum

component size,

B R L R — -

ISP
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:‘]}{Z} Current Limiter

The current limiter ecircuit is located in the positive power line and is a
peak detection type. The circuit senses the current in the power switch of
" the preregulator; this eliminates the possibility of shorts'cnusiné an
unsensed overcurrent condition. The overcurrent circuit is a foldback type
that provides lower current levels inside the converter during overload.

Upon removal of the overcurrent condition, normal operation is automatically

restored.

| Overvoltage

The overvoltage control and shutdown circuit limits voltage overshoot conditioens
that might oceur on the preregulated bus and all outputs to 1207 of normal
operating voltage. If the overvoltage was caused by a2 circuit malfunction or
a component failure causing a loss of the control loop, the circuit will
inhibit the inverter causing all output voltages to go to zero. In the event

that the overvoltage condition is temporary, the circuitry automatically resets

to normal operation.

’MJ}QZD Startup Repulator ’ ;
: |
i .- The startup voltage regulator, which powers the control circuitry when the |
3

output voltages are low, is a lincar regulator. The circuit is active only 5

when the supply is turning on or when it is in current limit, A ;

Qutput Filter

i
! The output waveform is a Full wave rectified square wave requiring a minimum
l _ o itp _ Eil q g

of filtéring. The requirément is eésily'handled by a single pi-section.
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MEASURED PERFORMANCE

4 .This section presents the measured results obtained using the STP
converter breadboard that was delivered.

Test Results |

Photos of Images Transmitted Through System. Photo 9-1 is of a
1956 Retma target that was transmitted through the STP converter. The
camera and monitor were high resolution monochrome equipments capable
of producing 800 TV iines resolution back to back. Focus of the monitor,
however, was not constant across the field and maximum resolution can
only be obtained at selected portions of the output image. In the case
of photo 9-1, the monitor was focused to give maximum resolution for
the horizontal resolution test widges at the lower half of the target.
Observe that the horizontal resolution is aimost 550 TV lines in
contrast to the specification of 440 TV lines. The lack of maise
and the excellent gray scale fidelity are also notéeworthy.

Photo 9~2 is a gimilar image processed through the STP converter
again by combining all three outpu: channels. The image material
consists of artist's concepts of the Space Shuttle which were selected
to give a subjective evaluation of imagy processed by the STP converter.
Specification Comparison |

Specifications compared to performance Table 9-1 is a chart comparing
the specification of the STIP converter to measured laboraiory results
using the breadboard converter. Note that all specifications are met
or exceeded.

Delta Mod-Demnd Signal Waveforms
. Typical signal waveforms are shown in the following figures 9.1,‘
9.2. These signals were taken with a standard 10-step gray scale

generator and arve intended to show typical information wave forms.
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9.3

Delta Mod-Demod Signal Waveforms (Cont'd) .

Figure 9,14 shows the input video signal to the delta modem. This
signal is standard NTSC video (.75 volts video .250 volts composit sync.)
Figure 9.1 B, C, show the centering of the video about ground reference
and the blanking of the composit sync signals. Figure 9.1 D, is the
reconstructed.video at the output of the digital integrator im the delta
mod loop. It should be noted that the polarity of 9.1 (¢) and (d) are
reversed, These two wave forms are summered to form the error signal
which is quantized to three (3) bits. The wvideo waveform of Figure 9.1.D
is the exact same signal which appears at the output of the Delta Demod
digital integrator, this wave form represents the reconstructed --ideo
information.

Figure 9.2 are typical wave forms in the digital demod. Figure
9.2.A,B show composit sync. Figure 9.2.C shows the output of the red,
blue, green channels, with the same gray scale input at the delta mod.
Figure 9,2.D is a combined video signal of the red, blue, green chammels
added to gether to form one video signal. Note the chanmel registration
showing the ability of the’ digital delta mod to preserve linearity of
the gray scale. Also, note that the peak to peak noise is much less than
one grey scale step of the 10 step videc waveform.

Figure 9.3 A, B, C are photos taken from a bl ck and white monitor
using polaroid f£ilm. They show the original photo, a picture rum back
to back with the camera and monitor, and the picture rum thru the complete

Delta mod-memory-Demod system.



TABLE 9-1

' SPECIFICATIONS vs. STP CONVERTER PERFORMANCE

Video Input Impedance
‘Field-To-Field Gain Stability
-Luminance Resolution
Channel-To-Charnel Gain

Channel-To~Chammel Registration

Vertical Resolution
Horizontal Resolution

Signal--ToWoise Ratio

75 Ohms © 5%

sn |

10 Gray Shades
3.5 mv

440 Line Response
at least 50% of

220 Line Response

330 TV Line of
raster height

440 TV Line of
Raster Width

Not Less Than

45 dB

75 ohms E 37,
0.1% |

215 Gray vShade_s
3.5mv

440 Line Response
7607 of 220 Line

Response

330 TV Line of
raster height

2500 Line of
Raster Height

48 dB
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RECOMMENDATTONS AND CONCT.USTONS

The test results obtained with the breadboard STP Converter
together with the subjective quality of the converted image ob~-
served on a color monitor are excellent and verify the validity

of the design approach.

The digital approach indeed does not exhibit the classical
pictorial stability problems associated with analog STP converters.
In addition, the noise performance of the 3 Bit Delta Modulator
is excellent and produces no observable noise increase over analog
TV with the camera back to back with the monitor. One surprise
was the excellent horizontal resolution obtained with the design
A/D Converter and horizontal sampling rate, The sampling rate
was selected by assuming a equivalent horizontal "Kell" factor
of 0,7. The resultant assumption should have limited the hori-
zontal resolution to the specified value of 440 TV line, The
observed horizontal resolution however, is much better than this
and is closer to 550 TV lines, This observation provides a basis
for questioning such a conservative value of horizontal "Kell"
factor in the future and also suggests that the quantity of memory
might be rveduced for an operational STP Converter and still permit

~btainment of the required resolutiom.

The principal recommendations resulting from the experience
of the project are to redesign the 3 Bit Delta Modulator using
an all digital approach, and to substitute ¥ MOS RAM or Digital
CCD memories for the P MOS Shift Register memories incorporated

in the present design.

Both of these recommendations would take advantage of improved
technology components that were not available at the time of the
project design commitment, An all digital Delta Modulator is now
possible using high speed ECL - RAMs or a look up table and would
increase the Delta Modulator timing loop margins as well as elimin-~
ating the need for analog alignment. The use of 4096 X 1 MOS -
RAMs memories offer a performance and cost advantage while the
digital CCD memories offer a weight and power advantage, The
principal performance advantage of the N MOS RAMs is more grace=

ful performance degradation where a typical memory failure
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RECOMMENDATTONS AND CONCLUSIONS (continued)

(a single bit) would cause a limited streak problem in any
one TV line instead of multiple streaks in the case of a

shift register memory failure,



