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ABSTRACT

This report describes the first in a series of application problems which are intended to measure the
performance of a process for rapid prototyping of embedded digital signal processors. The rapid prototyp-
ing process is being developed for the ARPA/Tri-Services Rapid Prototyping of Application Specific Sig-
nal Processors (RASSP) program. The first application problem is to develop a virtual prototype for a
real-time digital signal processor capable of forming images from high-resolution synthetic aperture radar
data. Details of the application are provided along with design constraints and optimization requirements
for the processor. The report also describes product and process metrics which are to be collected to derive
measures of process and product performance. The application problem and associated performance met-
rics comprise what is termed a Benchmark Technical Description.
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1. GENERAL

This document describes the technical requirements and deliverables for RASSP Benchmark-1. The
main thrust of Benchmark-1 is the development of a virtual prototype for an embedded processor capable
of forming radar images in real time for a high resolution synthetic aperture radar (SAR).

This section contains background information on the Advanced Detection Technology Sensor
(ADTS), a Ka-band SAR sensor and data recording system operated by M.I.T. Lincoln Laboratory. Section
2 sets forth the requirements for a signal processor capable of forming SAR images in real-time from the
ADTS sensor data. Section 3 describes executable requirements which compliment this document by pro-
viding VHDL behavioral models of the required processing and capturing the timing information for the
external processor interfaces. Section 4 describes the metrics which must be collected to evaluate the per-
formance of the RASSP process and products associated with the development of the virtual prototype.
Deliverables are discussed in Section 5. The response of the Developers to this Benchmark Technical
Description (BTD) is described in Section 6.

1.1 Introduction and Objectives

A component of the ARPA Rapid Prototyping of Application Specific Signal Processors (RASSP)
program, is the execution by the RASSP Developers, Lockheed Sanders, Inc. and Martin Marietta Corpo-
ration, of application benchmarks. This document defines the first application benchmark, which is
directed toward the development of a virtual prototype of an embedded processor for real-time SAR image
formation.

1.1.1 Virtual Prototyping

The definition of the term “virtual prototype” is open to some interpretation. As used here, a virtual
prototype is an executable software model of an embedded processor which represents all of the important
function and timing information of the processor with sufficient fidelity to insure that the processor will
perform as intended when constructed in accordance with the architecture underlying the virtual prototype
model. In its full embodiment, a virtual prototype is a sufficiently trustworthy simulation or emulation of a
real system that building the actual system simply to demonstrate feasibility is no longer necessary. How-
ever, a major deficiency of the virtual prototype relative to the corresponding physical prototype, is that the
virtual prototype is generally incapable of sustaining real-time operation. To date, virtual prototyping with
the level of fidelity implied in the preceding statements has generally been performed only at the chip
level. The RASSP program seeks to extend the utility of the virtual prototype to the board and subsystem
level.

One of the principal issues of interest in Benchmark-1 is the degree of fidelity and completeness that
can be obtained for reasonable cost using existing virtual prototyping methodologies and models. The
expectation is that IEEE-compliant VHDL simulation will be the vehicle for developing the virtual proto-
type. The level of detail and fidelity attained in the virtual prototype will be limited by the constraints of
time (6 months) and level of effort (5000 person-hours) imposed for Benchmark-1. One of the responsibil-




ities which the Developers have under the RASSP program is to establish cost-effective methodologies
and tools for the creation and application of virtual prototypes to the development of embedded signal pro-
cessing systems. For the purposes of Benchmark-1, the level of detail for function and timing incorporated
in the virtual prototype should not extend beyond that of an instruction set architecture (ISA) model of pro-
grammable devices running application code written in a high-level source language such as Ada. The
exception is that more detailed models may be required to validate interface and timing constraints. This
level of detail will likely not be achievable within the time duration and level of effort constraints imposed
on Benchmark-1. The ISA level of modeling represents a goal to progress toward, and defines the limit of
detail expected in the VHDL modeling. It does not prohibit the Developer from incorporating more
detailed models for reasons of availability or risk reduction. Prior to developing a detailed virtual proto-
type for a preferred architecture, less detailed modeling and evaluation of alternative architectures shall be
performed to select the architecture which best meets the requirements and performance goals outlined in

Section 2.

This document establishes the requirements for development and delivery of a virtual prototype of a
real-time SAR image processor capable of interfacing to the ADTS sensor. The RASSP process will be
applied to extract processor requirements and develop VHDL models for a preferred architecture within
the benchmark cycle. Trade-off analyses will be performed for a minimum of two design architectures, one
emphasizing low cost to prototype, and the other emphasizing lowest power and weight. It is anticipated
that the low-cost design will minimize cost by utilizing commercial-off-the-shelf (COTS) products at the
board level, while the low-power/weight design will reduce weight and power by employing chip-level
COTS design. Inclusion of additional architectures in the initial trade-off analysis is encouraged. At least
two architectures must be carried to the level of VHDL performance modeling to establish estimated per-
formance.

While the development of hardware is not an aspect of Benchmark-1, the virtual prototype design
should be developed with the view that hardware may be fabricated based on the virtual prototype in a sub-
sequent six-month benchmark cycle. Therefore, the designs are constrained to be producable in unit quan-
tities over a period of nominally six months, and for a total equivalent cost (normalized to person hours) of
between 5000 to 10,000 person hours. This BTD includes size, weight, and power constraints consistent
with use of the processor on board a small unmanned air vehicle (UAV); see Appendix D. The resulting
processor will have a form factor consistent with a UAV, but will be compatible with the sensor flown on
board the ADTS Gulfstream aircraft.

1.2 Overview of ADTS System

The ADTS system consists of an integrated radar, navigation, and recording system carried on board
a Gulfstream twin-engine aircraft [1]. The ADTS aircraft and sensor are shown in Figure 1 and Figure 2,
respectively. The ADTS system began operation in 1987 and has logged approximately 400 missions col-
lecting data on a variety of terrain and target types. The database is currently archived and managed by
Lincoln Laboratory, and selected segments of the data have been approved for public release. Images
formed from the ADTS data have been made available to selected universities as part of work sponsored
by ARPA on automatic target recognition algorithms.
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Figure 1. ADTS aircraft.
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Figure 2. ADTS sensor.




To develop a processor for real-time SAR image formation from the ADTS sensor data, information
about the radar characteristics and data formats is required. The intent is to interface the real-time SAR
image processor directly to the ADTS system without modifying the existing data formats or timing of the
ADTS system.

The ADTS radar is an air-to-ground synthetic aperture radar (SAR) operating in “stripmap” mode
with a £90” squint angle (i.e., the radar is pointed +90° relative to the velocity vector). The radar has a
center frequency of 33.56 GHz, a swath width of 375 m, and a nominal 7.26 km range to the center of the
swath. The radar is fully polarimetric with interleaved H-pol and V-pol transmission and simultaneous
H-pol and V-pol reception. The radar transmits at a 3 kHz rate, so that the same-polarization pulse repeti-
tion frequency (PRF) is 1.5 kHz as shown in Figure 3. The SAR resolution is 0.3 m.

3 kHz

TRANSMIT eee H \') H V eee
1 1 | 1
i ] ] ] P TIME
RECEIVE eee H H H H eeo
\' \' Vv \'
P
1.5 kHz

PRF

Figure 3. Interleaved horizontal and vertical transmit polarizations.

The radar uses stretch processing for wideband pulse processing. The linear frequency modulation
(LFM) transmit pulse has a 600 MHz bandwidth and a 30usec pulsewidth. Received pulses are
de-ramped, down-converted, and filtered so that the inputs to the A/D converters are real, uncompressed
(i.e., frequency domain) data at a video frequency of 31.25 MHz and a 50 MHz bandwidth. De-ramping is
done using a 650 MHz, 32.5pusec LFM waveform, shown in Figure 4, which is longer than the transmit
waveform by an amount which accommodates the 375 m range swath.

Received pulse data are sampled using 8-bit A/D converters at a 125 MHz rate, yielding 4064 real
samples per pulse. The range window for the radar is 468.4 m, and the 375 m range swath is at the center
of the range window.

After digitization, the pulse data are phase and frequency compensated for non-linear motion of the
aircraft and timing errors in the de-ramp process. Moreover, pulses are Doppler processed and re-sampled
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Figure 4. Transmit ramp and receive ramp for stretch processing.

(interpolated) to yield pulses at a constant spatial interval of 0.2287 m along the flight path. This represents
a pulse PRF of 437 Hz for a nominal aircraft velocity of 100 m/s. The output of the re-sampling process are
pulse data with 11 bits of precision. As described in Section 1.3, the re-sampled pulses are buffered and
presented as a 40-bit wide word transmitted serially over a fiber optic link to the SAR processor.

1.3 Sensor Data Format

Figure 5 illustrates the organization of the data within the 40-bit data word as it is presented to the
parallel-to-serial converter for transmission over the fiber-optic link. The 11-bit samples are right-justified
and sign extended in a 12 bit field. There are 2032 even/odd data pairs comprising a pulse repetition inter-
val (PRI), and four transmit-receive polarization pairs for each PRI

1.3.1 PRI Preamble

Each PRI of data is preceded by a code or preamble which is duplicated in bits 3 through 16, 19 and
32 of the 40-bit data word. This preamble consists of a prefix of 5 leading zeros, followed by a 13-bit




39:33 | 32 31:20 19 [ 18:17 | 16 15:04 03 | 02:00
0 0 0 5 ZERO WORDS 0
B UNSOETD B B 13 BARKER WORDS B
F F F 2 FILLER WORDS F
H ODD HH SAMPLES H H EVE;;SI;H WS(;\FIRWDPSLES H
A A A A
F | VARIABLE FILLERWORDS | F F | VARIABLE FILLERWORDS | F
0 0 0 5 ZERO WORDS 0
B U'\JS%TD B B 13 BARKER WORDS B
F F F 2 FILLER WORDS F
H 2032 ODD HV WORDS H H 2032 EVEN HV WORDS H
F | VARIABLE FILLERWORDS | F F | VARIABLE FILLERWORDS | F
0 0 0 5 ZERO WORDS 0
B Ur\]s%TD B B 13 BARKER WORDS B
F F F 2 FILLER WORDS F
H 2032 ODD VH WORDS H H 2032 EVEN VH WORDS H
F | VARIABLE FILLER WORDS | F F | VARIABLE FILLERWORDS | F
0 0 0 5 ZERO WORDS 0
B u"’s%TD B B 13 BARKER WORDS B
F F F 2 FILLER WORDS F
H 2032 ODD VV WORDS H H 2032 EVEN VV WORDS H
F | VARIABLE FILLERWORDS | F F | VARIABLE FILLERWORDS | F

0 -- ZERO BITS

B -- BARKER BITS
H -- HEADER BITS
A -- AUX BITS
F -- FILLER BITS

Figure 5. Format of the 40-bit wide ADTS data.




Barker code, followed by a suffix of 2 trailing don’t-care words. The Barker code values, along with the zero
prefix and don’t-care suffix, are indicated in Table 1.

Table 1. Bit pattern for PRI preamble

Run Length Bits 3-16, 19, 32
5 0
3 1
1 0
1 1
2 0
1 1
3 0
2 1
2 X

The sole function of the preamble is to indicate that a PRI of radar data follows. The use of a Barker
code in the preamble does not relate in any way to any modulation applied to the radar waveform.

Bit 16 of the 40-bit input data word contains two types of information in bit-serial format. The infor-
mation always starts with the HH PRI of the data, and fits entirely within the HH dataset.

¢ A 16 bit header word for each PRI identifying the transmit-receive polarization. The header word
is recorded with the MSB as the first of 16 bits.

e Aux data consisting of 57 16-bit words with the MSB again recorded as the first bit for each word.
The Aux data follows immediately after the header word.

This same bit-serial information is repeated in bit locations 3, 19, and 32 of the 40-bit input data word.

1.3.2 Bit-Serial Aux Data

Figure 6 defines the contents of the Aux record and the associated units. For the Aux variables that are
written over two 16-bit words, the MSBs are contained in the first word.

1.3.3 Header Word

The header word is used to signify the transmit-receive polarization of the associated PRI of data. The
four types of polarization and their associated header designations are given in Table 2.




WORDS LSB DEFINITION COMMENTS
PNINS 2 2% m INS North Position MSB of Word 2is 0
PEINS 2 1 INS East Position MSB of Word 2 is 0
PDINS 1 2m INS Down Position
VNINS 1 27 m/s Level North Velocity
VEINS 1 27 m/s Level East Velocity
PNMS 2 2%m Motion Sensed North Pos. MSB of Word 2 is 0
PEMS 2 2% m Motion Sensed East Pos. MSB of Word 2 is 0
PDMS 2 2% m Motion Sensed Down Pos. MSB of Word 2 is 0
VNMS 2 272 m/s Motion Sensed North Vel. MSB of Word 2 is 0
VEMS 2 2% m/s Motion Sensed East Vel. MSB of Word 2 is 0
VDMS 2 2% /s Motion Sensed Down Vel. MSB of Word 2 is 0
TRGN 2 2% m Aimpoint North Pos. MSB of Word 2 is 0
TRGE 2 2¥m Aimpoint East Pos. MSB of Word 2 is 0
TRGD 2 2% m Aimpoint Down Pos. MSB of Word 2 is 0
TENSEC 1 2% sec Time Word #1 Time = 10 x TENSEC + MILSEC/
MILSEC 1 27 msec Time Word #2 1600
SLTRNG 2 2% m Range to Aimpoint MSB of Word 2 is 0
RNGDOT 2 274 mfs Velocity Toward Aimpoint MSB of Word 2 is 0
ANTYAW 1 277 rad Antenna Yaw Command
ANTPIT 1 27" rad Antenna Pitch Command
ANTROL 1 2P 1ad Antenna Roll Command
ANTSTA 1 Antenna Status Flag
SCNPOS 1 2Y steps Scanner Position 8192 steps = 360°
RAW 7 1 2! Range to DME7

N1 1 2!

N2 1 2! v
CNAVER 2 2% m Avg. North Update for INS MSB of Word 2 is 0
CEAVER 2 2¥%m Avg. East Update for INS MSB of Word 2 is 0

WMC 1 2" Hz MoComp Freg. Coef.
PHSMC 1 2T cycles MoComp Phase Coef.
RAI 1 20 Azm. Prefilter Coef.
HDGINS 1 2" T rads Heading Angle
PCHINS 1 DT rads Pitch Angle
ROLINS 1 2P T rads Roll Angle
MODE 1 Radar Mode
CMPTME 1 2V ms Time in msec
IMUVX 1 21 IMU x velocity units of .3048 m/s
IMUVY 1 2 IMU y velocity units of .3048 m/s
IMUVZ 1 2718 IMU z velocity units of .3048 m/s
IMUTHX 1 2 rad/s IMU Neg. Head. Ang. Rate
IMUTHY 1 2% 1ad/s IMU Neg. Roll Ang. Rate
IMUTHZ 1 27! rad/s IMU Neg. Pitch Ang. Rate

Figure 6. Aux record format and units.




Table 2. Polarization and hexadecimal header designations.

Polarization Designation (Hex)
HH 03x0
HV 43x5
VH 83xA
\'A% C3xF

X - don’t care




2. PROCESSOR REQUIREMENTS

This section describes the complete requirements for a real-time, multiple polarization SAR proces-
sor. For Benchmark 1, processor development will only be carried to the point of a virtual prototype that
utilizes VHDL models running in non-real time.

2.1 Image Formation

During operation, the SAR processor continuously forms images for up to three of the four input
polarizations (Figure 5). Figure 7 illustrates the processing flow. In addition to the continuous process of
image formation, there is a setup process which occurs before the first frame of data. The setup process is
described in more detail in Section 2.2.2.

2.1.1 Accuracy

The SAR processing hardware must preserve the signal-to-noise ratio (SNR) inherent in the image
data, and must not introduce appreciable computational noise or artifacts into the image. The SAR proces-
sor should be capable of supporting full-scale input signals without saturation, and quantization errors in
the output data should be 10 dB below receiver noise.

A full-scale input signal has an amplitude of approximately 210 relative to the input LSB of 2f.
Receiver noise at the input is nominally set at the sth bit, so that the noise standard deviation is c, = 2.
This results in an input sign%—to—noise ratio (SNR) of 211, or 33 dB. The peak pixel power for a full-scale
input signal is 1'47?66 X 10" while the receiver noise power is 7.466 X 10" . As a result, the peak output
SNR is 1.979 x 107, or 93 dB, and the minimum dynamic range of the SAR processor is required to be
103 dB. Lincoln Laboratory has a non real-time implementation of the image formation algorithm which
executes on a workstation. The images formed using this implementation are output in 32-bit IEEE float-
ing point and represent the basis for acceptance testing of the SAR processor.

To verify that adequate processor dynamic range and accuracy are achieved, differences between
corresponding pixels in a processed SAR image, X, » , and the Lincoln Laboratory reference SAR image,
Xppp» Will be calculated. If x¢, , and X are complex pixel values from corresponding processed and
reference SAR images, the power of the error due to processing, P ERR is given by

2
X - X
_ {*sAR T *REF
Perg = — g W

where the processing error in both the processed and reference imagery are equal. A processor dynamic
range of 103 dB means that the Pppp should be less than —103 dB relative to the maximum output signal
power, PMAX’ or

11
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where P, . is the maximum pixel power of 1.4736 X 10 . The SAR processor will be tested using
both actual radar data and synthesized test data, with representative data sets supplied by Lincoln Labora-
tory in the tape media format discussed in Section 2.6.2.

2.1.2 PRI Detection

As previously discussed, channels of polarized pulse data, header data, and Aux data are presented
to the RASSP processor. A 20-word sequence consisting of a 13-word Barker code with 5 leading zeros
and 2 trailing don’t-care words indicates the start of pulse data. This preamble is followed by 2032 words
of 11-bit even pulse samples and 11-bit odd pulse samples, sign extended to 12 bits. Included with the
pulse samples are header data and Aux data recorded in bit-serial fashion and duplicated in bit positions
3,16,19, and 32 of the 40-bit data word. Header data describes the polarization of the pulse data, and Aux
data contains ancillary navigation and radar data. Pulse data for the four polarizations are output in a
repeated sequence (i.e., ..., HH, HV, VH, VV, HH, ... ), but Aux data are only written for the leading pulse
of the sequence (i.e., HH). There are filler data between the end of data for one pulse and the start sequence
for the next pulse.

PRI data are written at a 4.56 MW/s rate. The maximum PRF is 556 Hz which corresponds to an air-
craft ground speed of 127.1 m/s. The maximum PRF is needed if strong tail-winds are present during the
flight. Similarly, the minimum PRF is 200 Hz and corresponds to an aircraft ground speed of 45.7 my/s.

Because the HV and VH polarizations contain the same information, no more than three of the four
polarizations are used to form images. Generally, images will be formed for the HH and VV polarizations,
and either the HV or the VH polarization as established through the RS-232 control interface by the opera-
tor. It is therefore necessary to process and retain pulse polarization information from the header. In addi-
tion, Aux data must be processed to extract slant range data for each pulse (SLTRNG) as well as antenna
squint information.

Squint angle is the difference between the direction of the line-of-sight from the radar to the ground
and the heading of the aircraft. Aircraft heading, in units of degrees, is calculated from the sensed! aircraft
velocity vector by

VNMS )

. -1
Heading = 90 -tan (m

©)

1. Sensed aircraft position and velocity vectors are derived from on-board IMU, INS, and GPS data and represent
best estimates of aircraft position and velocity.

13




where VNMS and VEMS are components of the aircraft velocity vector in the North and East direction,
respectively. VNMS and VEMS are variables in the Aux data record. The direction of the line-of-sight is
derived from the vector to the aimpoint and the aircraft position vector. Direction of the line-of-sight, in
units of degrees, is calculated from sensed aircraft position and aimpoint by

Q)

. . -1{ TRGN-PNMS
Line-of-sight = 90 -t ( )
' '8 M\ TRGE-PEMS
where PNMS and PEMS are components of the aircraft position vector in the North and East directions,
respectively. Similarly, TRGN and TRGE are components of the aimpoint vector in the North and East
directions. PNMS, PEMS, TRGN, and TRGE are variables in the Aux data record. Squint angles of +90°

and -90° indicate the antenna is pointed out the right or left side of the aircraft, respectively.

2.1.3 Video to Baseband I/Q Conversion

Prior to pulse compression, 4064 real video samples of each of the three polarizations to be imaged
must be converted to complex (in-phase and quadrature, or I/Q) data at baseband. The baseline approach
for performing the I/Q demodulation is to form sequences of even and odd pulse samples and modulate
each sequence by (-1)". This yields two real-valued sequences for each pulse: an even sample sequence,
{S0» -525 4> -Sg» -+~ » ~S4062}» and an odd sample sequence {s;, -53, Ss, =57, ... » = S4063 }» Where s, is the n® real
sample. Currently, the even sequence is passed through an 8-coefficient FIR filter to yield the sequence
{Si0» Si1» Si2> - » Sing23}- The FIR filter output sequence is 8 samples shorter than the FIR input sequence
because the filter must be initialized before valid data samples are obtained. Similarly, the odd sequence is
passed through an 8-coefficient FIR filter to yield the sequence {sqq, Sq1, Sq2, --- » Sq2023}- These sequences
are combined to form the sequence of complex samples {(sig,8q0); (Si1» Sq1)» -+ » (812023 $q2023)}- The base-
line coefficients for the FIR filters are given in Table 3. The current implementation of the FIR filter is
given by,

Yo = 2 Gnnm )
where y,, is the n" output sample, x, is the nh input sample, and a_, is the m™ FIR coefficient.

2.1.4 Range Compression

In pulse compression, the 2024 (uncompressed) I/Q samples of each pulse are transformed into a
(compressed) range pulse with 2048 samples. Each of the 2048 samples can be thought of as constituting a
range-gate. The first step in pulse compression is the application of weighting to the amplitude of the com-
plex valued I/Q data. This weighting reduces the sidelobes of the compressed pulse and is applied to the
2024 complex input samples with trailing zero-pads to expand the data to 2048 samples. Currently, Taylor
weights are used for sidelobe reduction (see Appendix B). The complex input data are modulated by -nt

14




Table 3. Baseline 1/Q filter coefficients.

Index Even Sequence Odd Sequence
0 -0.021133 0.019827
1 0.055895 -0.011912
2 —0.148449 -0.067483
3 0.406139 0.917516
4 0.917516 0.406139
5 -0.067483 —-0.148449
6 -0.011912 0.055895
7 0.019827 -0.021133

where n =0, ..., 2047, so that the compressed range pulses are centered in the range window. This modu-
lation is incorporated into the weights.

Prior to pulse compression, it is necessary to compensate non-ideal IF filter characteristics that
degrade image resolution. This equalization is incorporated into the weights, and the combined complex
equalization weights are down-loaded to the SAR processor prior to real-time operation via the control
interface. In addition, these weights are polarization specific so that polarization data extracted from the
data header must be used in establishing which set of equalization weights to apply to a given set of data.

Weighted I/Q data are transformed to (compressed) range data using a 2048 point DFT. The resulting
sample interval in range is 0.2287 meters. In some cases, it may be necessary to compensate for elevation
beam-shape modulation of the radar cross section (RCS) across the range swath. In addition, R* losses
can produce as much as a 1 dB variation in RCS over the range swath. To compensate for these RCS vari-
ations, amplitude weights are applied to samples of the compressed pulse. The RCS weights are
down-loaded to the SAR processor prior to real-time operation via the control interface.

2.1.5 Azimuth Compression

Azimuth compression is performed using the process of cross-range convolution filtering as shown
in Figure 8. Compressed pulses are placed, in time sequence, into a 2-D processing array and each row of
the array is convolved with a row-specific reference kernel. The convolution outputs are saved in an image
array which becomes the output stripmap image of the SAR.

In this process, compressed pulses are placed in time sequence in a 2-D array referred to as a frame.

Each row of the frame contains 512 pulses and each column contains 2048 range gates, so that each frame
is a 2048 X 512 array. Once 512 pulses have been accumulated to form a frame, the frame is shifted into
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Figure 8. Azimuth compression processing.

the processing array. The processing array is a 2-D array where azimuth compression processing is per-
formed. The processing array consists of two frames; i.e., the processing array is 2048 X 1024 . As each
new frame is shifted into the processing array, the oldest frame is shifted out. A convolution is performed
along each row of the processing array, where the convolution kernel is the approximate response of a
point scatterer located at the range-gate of the row, as described in Appendix A.

Figure 9 depicts convolution processing for one row of the processing array. Convolution processing
is currently performed using DFTs with the overlap-save method. The processing array consists of 1024
pulses, with 2048 complex range samples each. The convolution kernels (see Appendix A) are 512 points
long, but trailing zeros are used to pad-out the kernel to 1024 points. A 1024-point DFT of each row is
multiplied with the 1024-point DFT of the associated convolution kernel. Each vector product is inverse
transformed, and the last 512 samples of each inverse transform represent valid convolution outputs and
are saved in an image array. A new frame is then shifted into the processing array, the convolution process
is repeated, and more data are added to the image array thereby generating the output stripmap SAR image.
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The convolution kernel used for each row is selected from a database of 31 pre-calculated kernels,
where the kernels have been Taylor weighted, zero padded, and Fourier transformed (i.e., the processor
does not transform the kernels). The choice of kernel is determined by the slant range to the middle of the
most recent frame in the processing array. This slant range is given by SLTRNG in the Aux record of the
2560 pulse of the most recent frame. The kernels are calculated based on the slant range (SLTRNG) to the
middle of the first frame of data obtained for a given pass, and are stored for use throughout the pass. Only
16 of the 31 stored kernels are used at one time in azimuth compression, but these 16 vary with each frame.
A more detailed discussion of the kernel calculation and selection process is given in Appendix A. A typi-
cal SAR image output is shown in Figure 10. :

2.1.6 Latency

The latency between a frame of data being input to the SAR processor and the corresponding image
being output from the processor shall not exceed 3 seconds. A frame is considered to be input to the pro-
cessor when the last pulse used to form the frame is passed to the SAR processor. A frame is output when
- the first image pixel from the corresponding frame is passed out of the processor. Figure 9 depicts the rela-
tionship between input frames of data and corresponding output frames of images.

2.2 External Interfaces

2.2.1 Fiber Optic Interfaces

The data stream to and from the SAR processor will be bit serial over fiber-optic links, compatible
with TriQuint’s HRC-500FS module. A data sheet describing the HRC-500FS, which is based on the
HodRod™ chip set, is given in Appendix C. Use of the TriQuint HotRod chip or transmit-receive module,
in the signal processor is recommended, but any implementation of the interface compatible with the
HRC-500FS, configured as described in this section, is acceptable. The description in the remainder of this
section will assume that an HRC-500FS is used. To facilitate loop-back testing, the same data rate settings
will be used for input and output data transfers. It will be shown subsequently that the HRC-500FS pro-
vides a link with excess capacity.

The data rate for the HRC-300FS will be derived from a reference clock of 25 MHz. DIV1, DIVO
will be set to 1, 0 respectively—corresponding to a data rate of 12.5 Mwords/s, 500 Mbps and 625 Mbaud
(the link uses 4B/5B encoding). When the HRC-500FS is operated at 90% of maximum capacity or less, a
simplified interface design with free-running data strobe is possible. This approach will be used for the
SAR application, and provides an 11.25 MW/sec transfer rate capability which is suitably in excess of sys-
tem requirements.

The transmission medium is a heavy-duty multi-mode 50/125 fiber optic cable with FSMA connec-
tors. This cable runs to a bulkhead feedthrough (e.g., AMP #504020-2) on the SAR processor chassis, then
through an adapter cable (e.g., Powell Electronics #907-99999-00264) to the HRC-500FS.
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Figure 10. Typical SAR image.

2.2.1.1 Sensor Input Data. Referring to Figure 5, the input data fields of interest and their
corresponding bit assignments on the HRC-500FS are summarized in Table 4. Bits 0-2, 17-18 and 33-39
are presently unused and will always be zero. As described in Section 2.1.2, data are available to the signal
processor as 40-bit words at a rate of 4.56 MW/s, which is well within the limitations imposed by the
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HRC-500FS.

There will also be extra (unused and meaningless) data words at the end of each PRI. The total num-
ber of these extra words will depend on the speed of the platform, which affects the spatial sampling rate or
PRF. The PRI preamble should always be used to identify the beginning of a block, and a count of the
number of input samples should be used to determine when the end of a PRI data block has been reached.
A PRI will always consist of 2032 valid 40-bit data words, followed by a variable number of meaningless
words.

Table 4. Input Bit/Pin Assignments.

Bits Pins Description

02:00 RxDO02 : RxD0O | Not used, always zero
03 RxDO03 | Aux Serial

15:04 RxD15 : RxD04 | Even Sample
16 RxD16 | Aux Serial

18:17 RxD18 : RxD17 | Not used, always zero
19 RxD19 | Aux Serial

31:20 RxD31 : RxD20 | Odd Sample
32 RxD32 | Aux Serial

39:33 RxD39 : RxD33 | Not used, always zero

2.2.1.2 Processed Output Data. Processed image data will be output in the full precision of the
SAR processor hardware, up to, but not exceeding, 32-bit floating point. If the chosen format uses less than
32 bits, the bits used will be justified into the LSBs so that the unused bits are the MSBs. IEEE
single-precision floating point format is preferred.

The output data format for each polarization processed will consist of an image frame header fol-
lowed by the complex samples from each image. There will be a maximum of three polarizations imaged
per frame. The complex samples, corresponding to image pixels, will be output in azimuth order (i.e., in
order of increasing time) beginning at the near range and finishing at the far range. The output data format
is shown in Figure 11. The frame header will be constructed as shown in Figure 11 with the format as

shown 1n Table 5.
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39:38

37:32

31:16 15:00

Z0=—=>pPN=-2>ro0mvo - -Wr N

5 WORDS OF LEADING ZEROS

13 WORD BARKER CODE

2 WORDS OF FILLER

POLARIZATION CODE REPEATED POL CODE

AUXWORD 1 REPEATED AUX WORD 1

AUX WORD 57 REPEATED AUX WORD 57

| PIXEL VALUE; BANGE 0, AZIMUTH 0

Q PIXEL VALUE; RANGE 0, AZIMUTH O

| PIXEL VALUE; RANGE 0, AZIMUTH 511

Q PIXEL VALUE; RANGE 0, AZIMUTH 511

I PIXEL VALUE; RANGE 1, AZIMUTH 0

Q PIXEL VALUE; BANGE 1, AZIMUTH O

| PIXEL VALUE; RANGE 2047, AZIMUTH 511

Q PIXEL VALUE; RANGE 2047, AZIMUTH 511

The zero prefix and Barker code will be implemented across the 32 LSBs of the parallel output word.
The polarization code for the image will be specified according to the code in Table 2. Each two-byte code
defining the polarization will be embedded in the 16 LSBs of a 40-bit output word, and repeated in the 16
contiguous bits. The 57 Aux data words output with each frame will be those associated with the 256
pulse of the most recent frame in the processing array, as discussed in Section 2.1.5. Each two-byte Aux
data word will be embedded in the 16 LSBs of a 40-bit output word and repeated. Each complex image
sample will be output as a real sample embedded in a 32-bit output word followed by an imaginary sample

Figure 11. Format of the 40-bit wide output data.
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Table 5. Format of the 40-bit wide output data.

Word No. Bits Pins Contents

1-5| 31:00 | TxD31 : TxDOO | Prefix of Zeros
6-18 | 31:00 | TxD31: TxD0O | Barker Code
19-20 | 31:00 | TxD31 : TxDOO | Suffix (don’t care)
21| 15:00 | TxD15 : TxDOO | Polarization Code
21 | 31:16 | TxD31 : TxD16 | Polarization Code
22-78 | 15:00 | TxD15: TxDOO | Aux Data
22-78 | 31:16 | TxD31:TxD16 | Aux Data
79-2,097,230 | 31:00 | TxD31 : TxDOO | Complex Image containing 512 X 2048 pixels
1-2,097,230 | 39:38 | TxD39: TxD38 | 2-bit polarization code: 0—HH, 1-HVY, 2-5VH, 35VV

embedded in a 32-bit output word. The LSB of the image samples is bit 00. The total number of bits in an
output word required to represent a real or imaginary sample will depend upon the number representation
used in the SAR processor hardware, but must not exceed 32. If the output words are less than 32 bits they
should be right justified in the bit 31:00 field (the MSBs will be the unused ones).

The output bits 39:40 are used for a 2-bit polarization code, as shown in Table 5. This 2-bit code is in
addition to the 16-bit code in bits 31:16 and 15:00 of output frame word 21. This 2-bit code is present with
every output word. It is expected that this will be implemented by having a 2-bit output register. The data
can be output in bursts with the contents of the 2-bit register being changed between bursts.

At the maximum PRF of 556 Hz, the 512 pulses needed to form an image frame are collected in
slightly more than .92 s. If three images, corresponding to three different polarizations, are output at this
same rate, then the output interface must support an average transfer rate of slightly more than 6.83 MW/s
or equivalently 27.32 MB/s (34.15 MB/s including the unused byte of the 40-bit word), which represents
the maximum average output rate. Thus, the input rate (4.56 MW/s) and output rate (6.83 MW/s) are well
within the 11.25 MW/s link capacity. The output data may be output in bursts at any rate between 6.83 and
11.25 MW/s.

2.2.2 Control and Diagnostic

The control interface is bidirectional RS-232. The baud rate will preselectable. At a minium the
choices will include 9.6 Kbaud and 19.2 Kbaud. It is desirable that the interface also support 38.4 Kbaud.
Hardware handshaking will be used, and the interface will support the transfer of 8-bit binary data—
although initially we do not plan to transfer binary data.
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The RS-232 connection on the SAR processor will be configured in the same fashion as data com-
munications equipment. Consequently, it will likely be possible to connect directly (with no pin swaps) to
the modem output of a workstation or personal computer. The connector will be male, and the pin assign-
ments will be made as indicated in Table 6.

Table 6. Control and diagnostic pin assignments

Direction* Pin Signal Function
B 1 FG Frame ground
T 2 D Data to processor
F 3 RD Data from processor
T 4 RTS Flow control - OK for processor to send
F 5 CTS Flow control - processor is ready for data
F 6 DSR Always true
B 7 SG Signal ground
F 8 DCD Always true
T 20 DTR Not used
* Direction denotes the data flow to and from the processor; T - into, F - from, B - bidirectional.

The control and diagnostic interface is intended to serve a variety of purposes. The minimum set of
control and diagnostic commands which must be supported are listed in Table 7. Additional commands
may be added at the discretion of the developer as an aid in diagnosing and debugging the system during
development.

The interface is intended to allow a person to sit at a terminal and enter the commands, although it
may not be practical for a person to type in the data sets required by some commands. Also, an external
computer should be able to “drive” the SAR processor using this same interface. To this end, all of the
commands in Table 7 and data for those commands will be in ASCII. Commands will be entered as the
strings given in Table 7 terminated by a CR (carriage return). The commands will not be case sensitive.
Backspace characters (control-H) will delete the most recent characters entered. Each line will be termi-
nated by a CR. For those commands that require data, an EOF (end of file, indicated by a control-D) after
the CR for the last line will indicate the end of the numerical input for a command. If an incorrect number
of values is input, an error message will result.
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Table 7. Control and diagnostic interface commands.

Command ljlgzbl:;e(;f Type Function

Reboot — — | Reboot the processor

Restart — — | Restart the processor

Init 2 Integer | Load various control registers

Run — — | Form images on a continuous basis

Stop — — | Stop execution and wait for command

Status — — | Dump system status message

Step — — | Process one image frame and stop

StepN 1 Integer | Process N image frames and stop

Debugger — — | Enter debugger

Loadref 31,744 Complex | Load reference kernels

Loadequal 8,192 Complex | Load Equalization weights

Loadigeven 48 Real | Load I/Q filter weights for even sequence

Loadigodd 48 Real | Load I/Q filter weights for odd sequence

Loadrcs 2048 Real | Load RCS weights

Dumpinit 2 Integer | Dump parameters input by Init command

Dumpref 31,744 Complex | Dump reference kernels

Dumpequal 8,096 Complex | Dump Equalization weights

Dumpigeven 48 Real | Dump V/Q filter weights for even sequence

Dumpiqodd 48 Real | Dump I/Q filter weights for odd sequence

Dumprcs 2048 Real | Dump RCS weights

Selftest — — | Run Self test once

SelftestN 1 Integer | Run multiple passes of selftest

Linktest — — | Run test of fiber interface once, with no
external fiber loopback cable in place

LinktestN 1 * Integer | Run multiple passes “linktest”

Linktestf — — | Run tester of fiber interface once, using a
loopback cable

LinktestfN 1 Integer | Run multiple passes of fiber interface test
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The types of numerical input for each command are given in Table 7. Integers will be entered as dec-
imal integers. Real numbers can be entered either with or without an exponent being specified. Here are
some examples of real numbers: “1234.012”, “-0.987895”, “.1239876”, “1.334455e+01”. Complex num-
bers will be entered as two real numbers on the same line, separated by a space; with the real part entered
first.

When the processor is ready for another command it will respond with a prompt. The prompt will be
“SAR>”. If an illegal command is entered the processor will respond with an error message, preceding the
prompt. All error messages will start with a “?” as the first character on the line.

During acceptance testing, it is likely that the SAR processor will be controlled using the same
workstation that controls the data source and sink. Here is a representative sequence of events for testing
the SAR processor:

1. The workstation issues the “reboot” command. This initializes the processor.

2. The workstation issues a “stop” command. As discussed in Section 2.2.2.1, the “reboot” com-
mand puts the processor in a mode where it is ready to accept data. One reason for issuing a
“stop” command is so that a “run” command can be given later. The prompt back from this later
“run” command will indicate that the SAR processor is ready to accept data.

The workstation issues the “Init” command.

4. The workstation issues the commands “loadref”, “loadequal”, “loadigeven”, “loadiqodd”,
“loadrcs”. This loads the required constants into the processor. This step involves the transfer of
on the order of a million characters. At 9.6 Kbaud this is likely to take approximately 17 minutes
or around 4 minutes at 38.4 Kbaud—assuming that the workstation and processor are able to
exchange data at full speed.

5. When it is necessary to check the setup data to the SAR processor, the workstation issues dump
commands to read the data back.

6. The workstation issues a “run” command. The SAR processor indicates that it is ready for data
by giving the specified prompt.

7. The workstation starts the data sink. This is the interface and disk subsystem used to store data
from the SAR processor.

8. The workstation starts the data source. This is the interface and disk subsystemn used to send data
to the SAR processor.

9. The data source stops after the test data has been sent to the processor.

10. The workstation issues a stop command to the processor. The processor indicates it is finished
processing data by giving a prompt to this command. It is not necessary for the stop command to
verify all data are processed—i.e. it would be acceptable to leave the processing of the last few
frames incomplete if it reduces the complexity of the processor. There will be a few frames of
source data whose images will not be checked during acceptance testing.

11. Once the workstation receives a prompt from the stop command, it shuts down the data sink.
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12. The workstation compares processor image data from the data sink with reference image data.

Only the first N frames of data will be compared, where N is no more than three frames less than
the number of frames sent by the source.

2.2.2.1 Reboot. This command is intended to be the same as a power up initialization. The
processor should do the following:

1.
2.
3.

4.

Run the self test diagnostics—this is the same as the command “selftest”.

Flush all buffers.

Initialize the setup constants (items initialized by the “init”, “loadref”, “loadequal”, “load-
igeven”, “loadiqodd”, “loadrcs”) to reasonable values. These initial values may be “hardwired”
into the program so that the processor may generate images without setup constants being
loaded from an external device. The resulting images may have poorer quality than they would if
a set of setup constants were loaded, via the control interface, that correspond to the specific data
set being processed. Alternatively, the setup constants could be loaded from a non-volatile mem-
ory. The constants would be loaded into non-volatile memory by a command which copies the
current setup constants into memory.

Start accepting input data if there is any—this is the same as a “run” command.

The SAR processor must be able to “come-up” (execute a reboot command) while data is streaming
into its input port. The processor may ignore this data until it is up and ready to go. The processor will indi-
cate “ready” by giving a prompt on the control interface. If data is already streaming into it at this time, the
processor will pick up at the start of the next PRI. Note that if data is streaming into the processor while it
is coming-up, it will not be well defined as to where in the stream of incoming data the processing will
start. In a carefully controlled test, it is expected that the input data stream will not be started until the pro-
cessor has given a prompt indicating that it is ready.

2.2.2.2 Restart. This command is the same as the “reboot” command except that the setup constants
will be left alone and the selftest will not be run.

2.2.2.3 Init. Inputs the following two words of setup information, in the order given below:

1.

An integer between 0 and 15 which determines which polarizations are processed. For the pur-
pose of controlling polarizations this integer should be thought of as 4 binary bits (although it is
input as a decimal integer). Each bit enables the processing of a polarization as follows: VV, VH,
HV and HH respectively where the MSB enables the processing of VV and the LSB enables the
processing of HH. For example the number 5 would enable the processing of VH and HH.

The number of taps in the FIR filter used to convert input video to baseband I/Q. This will be an
integer between 8 and 48.

If no “Init” command is given the default shall be: (1) to process only the HH polarization, corre-
sponding to a value of 1 for the first word; (2) an FIR filter length of 8.
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2.2.2.4 Run. This command enables the processing of data. If a data stream is already coming in,
the SAR processor will start processing it with the start of the next PRI—defined by the next Barker
sequence associated with data for the HH polarization. If there is no data stream coming in the processor
will start processing whenever a data stream starts coming in (once the processor is ready). The processor
indicates that it is ready to process any incoming data by giving a prompt in response to this command. If
subsequent run commands are given, when the processor is already enabled for processing, the processor
will respond with a prompt, leaving processing enabled.

2.2.2.5 Stop. This command disables processing. If it is given while data is coming in, processing
will continue until the end of the current frame. It is OK if this is the next frame instead of the current one.

2.2.2.6 Status. In response to the status command the processor will respond with status
information. The format of this information will be left up to the Developers—each Developers may
implement the status checks and messages differently. The status information will not exceed 20 lines of
80 characters each. At a minimum the status information shall include the following:

1. Which polarizations are being processed.

2. How many taps are being used in the video to baseband FIR filter.
3. Whether the pro'cessor is enabled for processing.
4

How many frames have been processed since the last run command.
2.2.2.7 Step. Run for a single frame and then stop.

2.2.2.8 StepN. This command takes an integer between 1 and 32767 as the value of N. It runs for
the number of frames specified by N.

2.2.2.9 Debugger. This command will cause control of the RS-232 line to be transferred to a
debugger. It is left to the discretion of the Developers as to the commands for the debugger. It is expected
that the capability will exist for examining and writing to memory locations within the SAR processor.
When the debugger is entered, a message should be output on the RS-232 line saying that the debugger is
being entered and what the command is to get back to normal command mode, where commands can once
again be given to the signal processor. '

2.2.2.10 Loadref. This command loads the reference kerels. The reference kemels are
range-dependent matched filters which are convolved with the radar pulse returns to yield the desired
images. The kernels are precomputed for a given range swath in the host and downloaded to the SAR
image processor prior to operation. Detailed descriptions of the kernel and weighting functions are
included in Appendices A and B.

The 31 kernels are loaded in sequence from near range (kernel0) to far range (kernel30), where each
kernel is a vector of complex numbers. The elements of each kernel are loaded in order from index 0 to
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index 1023 (see Figure 9), and each element is composed of a real component followed by an imaginary
component.

2.2.2.11 Loadequal. This command loads the equalization weights. Equalization weights change
slowly and can be assumed constant over a data collection period. Therefore the equalization weights are
precomputed and downloaded to the SAR processor prior to operation.

Equalization weights for the HH, HV, VH, and VV are loaded in order where the weights for each
polarization are an array of complex numbers. The elements of each array are loaded in order from index 0
to index 2047, where the indices correspond to the ordered output samples of the I/Q filters (see Section
2.1.3). Each array element is composed of a real component followed by an imaginary component.

2.2.2.12 Loadiq. Loadigeven and Loadigodd commands load the I/Q filter weights. These weights
are precomputed and downloaded prior to operation. Presently, 8-tap FIR filters are used but FIR filters
with as many as 48 taps shall be accommodated. The number of real weights input by this command is
always equal to 48, but only the first N weights are used where N is the number of taps specified by the last
“Init” command. The even and odd filter weights are loaded in order from index O to index 47. The indices
of the filter weights correspond to the FIR processing described in Section 2.1.3.

2.2.2.13 Loadrcs. This command loads the RCS weights. Weighting is applied to compensate the
amplitude variations caused by beam-shape modulation in elevation and R* losses. These weights are
computed in the host and downloaded prior to operation. The real-valued RCS weights are loaded in order
from index O (i.e., near range) to index 2047 (i.e., far range)

2.2.2.14 Dump Commands. The commands “dumpinit”, “dumpref”, “dumpequal”, “dumpiqeven”,
“dumpigodd”, and “dumprcs” will dump the parameters specified earlier by the corresponding init/load
commands. The order of the numbers output will be the same as it is for input.

2.2.2.15 Selftest. Run one pass of the self test diagnostics. This is intended to run the same
diagnostics that are run at system boot time. If this is not practical, a reasonable set of diagnostics will be
run instead. If the diagnostics pass, they will output the line “Self test passed”. If there are any errors, an
appropriate error message will be given. The first character in a line corresponding to an error message will
be a “?7”.

2.2.2.16 SelftestN. Run N passes of the self test diagnostics, where N is specified as an input
parameter. N is an integer between 1 and 32767.

2.2.2.17 Linktest. Run one pass of a test of the fiber-optic interfaces. This test assumes that the
fiber-optic interface is looped by locally, without actually going through a fiber. This test will transmit a
pattern and then verify that it is received on the HotRod receiver. The pattern(s) used are left to the
discretion of the Developers. This test can be run without the need to move any cables. “Linktestf”
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described below will require the disconnection of the normal fiber-optic cables and a connection of a
loopback cable.

2.2.2.18 LinktestN. Run N passes of the “linktest”, where N is specified as an input parameter. N is
an integer between 1 and 32767.

2.2.2.19 Linktestf. Run one pass of a test of the fiber-optic interfaces. This test is the same as
“linktest”, described above, except that it requires a fiber-optic loopback cable—a cable which connects
the SAR processor’s fiber-optic transmitter to the fiber-optic receiver.

2.2.2.20 LinktestfN. Run N passes of “linktestf”’, where N is specified as an input parameter. N is
an integer between 1 and 32767.

2.2.3 Power Reset

In addition to the software reboot command implemented through the control and diagnostic inter-
face, a hardware reset capability shall be included. Operation of the hardware reset button will cause the
SAR processor to execute the normal power-on start-up sequence. This start-up sequence will be function-
ally the same as the software reboot command.

2.3 Form Factor Constraints

2.3.1 Size

The maximum allowable dimensions for the processor are 10.5” in height, 20.5” in length, and 17.5”
in width. These dimensions encompass the chassis, cooling fans, power supply and cable headers and are
consistent with the use of the processor on board a small unmanned air vehicle (UAV) such as the Leading
Systems Amber UAV pictured in Appendix D.

2.3.2 Occupancy and Scalability

The functional requirements included in this statement of work only encompass the processing
through the step of image formation. In the future, additional functionality may be required, such as auto-
matic target recognition and image compression. The processor architecture should be scalable to support
at least twice the processing and twice the aggregate communication bandwidth as that implemented in the
initial configuration.

In addition to expansion space for twice the computational throughput and communication band-
width, space must be available in the processor box for the addition of a 4-slot 6U VME chassis. The pro-
vision for a VME chassis, or availability of four contiguous slots in an existing internal chassis, is to
enable the use of commercial VME boards for display or subsequent processing of the images.
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2.3.3 Weight

The weight for a fully-loaded chassis, including the 4 slot VME chassis, shall be less than 60
pounds.
2.4 Environmental

Air cooling in an non-condensing environment is assumed. The temperature range of the ambient air
will be 0° C to 40° C.

Due to cost considerations, shock and vibration testing will not be performed. However, the proces-
sor should be designed so that it can be operated on-board the ADTS aircraft in a user-supplied
shock-mounted tray. Measured vibration and estimated crash loads for shock-mounted equipment on the
Gulfstream aircraft are given in Table 8.

Table 8. Vibration and shock loads.

Parameter Value
Flight Load - Worst Case

Vertical 88G

Longitudinal 6.0G

Transversal 20G
Random Vibration 0.8 GRMS
Crash Safety 15G, 11 ms

2.5 Power Supply

The power supply will operate with an input voltage of 24 to 32 volts DC. The average® input power
shall not exceed 500 watts in the baseline system.

Provision to handle a fully populated chassis should be made with the input power not to exceed 750
watts. The power supply need not be sized to handle the fully populated chassis (750 watts input) provided
there are provisions to incrementally add modules to the initial supply. The power supply should conform

2. The average as computed over any .5 second interval.
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to the requirements of MIL-STD-704D for input transients and MIL-STD-461C for conducted and radi-
ated emission susceptibility.

2.6 Fault Detection, Isolation and Testing

2.6.1 Fault Coverage and Isolation

The fault coverage and isolation achievable in the processor design will be influenced by the level of
integration of the COTS hardware employed. For example, a system assembled from COTS chips typically
affords more opportunities for introducing built-in test capability than a system assembled from COTS
board products. Given the limited time duration and cost constraints of Benchmark-1 it is difficult to estab-
lish, aprior, levels of fault coverage and isolation that will be achievable through available COTS hard-
ware.

However, it is important to demonstrate that the RASSP design methodology addresses reliability
issues. Therefore, a goal of 90 percent fault coverage is established for the processor. As discussed in Sec-
tion 2.6.3, the appropriate degree of fault isolation is dependent on the maintenance concept chosen and on
the cost to repair versus replace a given isolation group. The goal for isolation is to isolate faults to a level
at which replacement of the faulty group is commensurate in cost with replacement.

These fault coverage and isolation goals are included to demonstrate a capability to deal with design
for test and built-in test in the RASSP process. The goals are not intended to become the major cost drivers
of the design.

2.6.2 Data Stimulus

In addition to whatever test vectors and test patterns the Developer may provide in connection with
the requirements of Section 2.6.1, the Benchmarker will supply a stimulus dataset consisting of unproc-
essed ADTS data, along with a set of reference images formed from the data using the algorithms
described in Section 2.1. This data will be provided on an 8mm Exabyte 8200 or Exabyte 8500 tape car-
tridge in uncompressed tar format.

2.6.3 Maintenance and Testability

Testability requirements are a function of the maintenance concept chosen to support the deliver-
ables of a particular benchmark. The choice of maintenance concepts is limited for a COTS implementa-
tion, whereas many maintenance concepts are applicable for custom implementations. In either case, the
maintenance concept chosen must provide adequate support for the defined benchmark. Although no hard-
ware deliverables are required for Benchmark-1, the maintenance concept and corresponding software
simulation of hardware must be suitable for a military UAV application. Diagnostics must be run and
errors must be reported via the control and diagnostic interface.
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Testability of a COTS implementation is limited by the design of the COTS elements as well as any
COTS building blocks used to integrate the elements. At a minimum, comprehensive built-in diagnostic
capabilities (e.g., power-up memory tests) provided by the COTS product manufacturer must be fully uti-
lized, and any errors must be reported by the system through the diagnostic and control interface. Test
capabilities built into the COTS elements must be fully accessible from the control and diagnostic inter-
face. If COTS elements with suitable capabilities are not available, then semi-custom diagnostics must be
provided by the COTS manufacturer at the expense of the developer (e.g., a custom PROM in the case of
hardware computer boards), and/or the developer must provide semi-custom integration elements which
provide the necessary test capabilities (e.g., a COTS interface board with custom software). At a mini-
mum, fault isolation must be to the COTS element level, and preferably beyond if such fault isolation
capability is provided by the manufacturer of the COTS element. For example, if COTS boards are used
(or simulated in software) then fault isolation must be at least to the board level, and may be to the chip
level if such diagnostic capabilities are available for the COTS boards.

Many maintenance concepts are applicable for custom designs, and the testability requirements are
chosen to be commensurate with the maintenance concept. An applicable maintenance/sparing concept
which minimizes the estimated life cycle cost may be chosen by the developer. Parametric life cycle cost
estimation programs ([9], [10]) for both hardware and software can be used to guide the choice. For exam-
ple, the PRICE HL program estimates life cycle costs for 28 different standard maintenance concepts (e.g.,
discard line replacement unit at failure, replace module at organization and scrap bad module, replace
module at equipment and repair module at contractor). Any of the maintenance concepts suitable for a mil-
itary UAV are acceptable.

2.6.4 Acceptance Testing

Acceptance testing will consist of demonstrating reliable operation of the virtual prototype. The data
will be supplied to, and collected from, the virtual prototype using the test bench supplied by the Bench-
marker. Successful execution of all of the control and diagnostic modes indicated in Table 7 will be dem-
onstrated as part of the acceptance testing.

2.7 Design Trades

The Developer must evaluate at least two architectures in terms of the following criteria:

1. Adherence to the requirements provided in Section 2.1 through Section 2.6, including the fault
coverage and isolation goals of Section 2.6.1

2. Cost to produce in prototype quantities; essentially non-recurring engineering cost
3. Life cycle cost assuming a production of 500 units

4. Size, weight and power, with the emphasis first on low power and second on low weight

The basis for estimating the life cycle cost should be clearly described. The Developer may select the pre-
ferred architecture to develop as a virtual prototype either on the basis of low cost or on the basis of low
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power and weight. The intent is to allow the Developer to select the architecture which affords the best
opportunity to demonstrate aspects of the virtual prototyping methodology, and will lead to a successtul
hardware fabrication in Benchmark-2.

2.8 Documentation

2.8.1 Virtual Prototype

A complete set of drawings shall be provided with each virtual prototype of the SAR image proces-
sor. For parts of the prototype processors that are COTS (commercial off the shelf), some of these require-
ments may be waived. At a minimum, the drawings must include both simplified and detailed block
diagrams. Depending on the detail of the design prototype achieved during the benchmark cycle, addi-
tional drawings shall include, but not be limited to, the following:

e Individual mechanical drawings of chassis, boards, backplanes and connectors.

e Detailed schematics and/or source files for all non-COTS printed circuit boards, MCMs, ASICS,
PALs, FPGAs and PLDs.

e All source files and/or schematics for any programmable devices incorporated in the signal pro-
cessor, including PALs, FPGAs, and complex PLDs. This requirement is for the lowest level
description that was used in the course of designing the device.

o Parts list.
¢ Net list of all non-COTS printed circuit boards.

oFull Specifications for any non-standard or proprietary components.

The theory of operation shall be documented including,
*Modes of operation supported and the protocols for the test and diagnostic defined in Table 7.
e All critical timing information.

¢ All non-standard interfaces.

2.8.2 Software

All non-COTS application software (i.e software developed specifically for the Benchmark by the
Developer) shall be provided in Ada. Wherever available, COTS application source code shall be provided
in Ada. Hard copy of all application source code shall also be provided. The intent here is that Ada should
be used except where significant reductions in performance or increases in cost would result. An example
would be the case where an Ada development environment does not exist for the target processor.

Software documentation shall conform to best commercial standards and practices.




2.9 Reporting

Progress reports shall be provided with each milestone as discussed in Section 5.
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3. EXECUTABLE REQUIREMENTS

MIT Lincoln Laboratory, at the direction of the Government, will deliver to the Developers an exe-
cutable requirement consisting of a VHDL behavioral model of the SAR processor as specified in Section
2, a VHDL test bench, and input stimulus and output comparison data files. The delivery will include a
User’s Manual.

3.1 Overview

The SAR Processor and Test Bench models shown in Figure 12 are implemented in IEEE 1076-1987
compliant VHDL in a manner which should make them executable with any compliant simulator. The
VHDL executable requirement was originally developed on a Vantage simulator and ported to Mentor
QuickVHDL. If further changes are required to run on the Developer’s simulator, Lincoln Laboratory and
its subcontractor(s) shall be given access to the simulator for the purpose of making any required changes.

In the VHDL executable requirement, the interfaces between the test bench and behavior model of
the processor, for both data input and data output, are implemented at the processor parallel interface of the
TriQuint HRC-500FS module described in Appendix C. For reasons of efficiency, the Control and Diag-
nostic Port is implemented as a 32-bit interface between the processor and test bench rather than the RS232
interface required in the actual processor.

3.2 Processor

The VHDL model of the SAR processor models timing behavior only for data streams at the Input
Port and Output Port. Processing is done in zero simulation time. The model is built with sufficient internal
buffering so that latency from the beginning of the 512" PRI input data set of a range-azimuth frame and
the first output data set for that frame can be set from 0.1 seconds to 3 seconds. The model implements the
following commands from Table 7: Reboot, Restart, Init, Step, StepN, Loadref, Loadequal, Loadegeven,
Loadiqodd and Loadrcs.

3.3 Test Bench

The VHDL Test Bench reads control, data, setup and comparison files from disk and writes output
and log files to disk. The test bench is controlled from a text script with the Control and Diagnostic Port
commands listed above. The test bench compares the processor output data against supplied comparison
files using the criteria of Section 2.1.1. The output of the comparison is the number of pixels with error
exceeding the specification, which is set with a VHDL generic, and the index and error value of the pixel
with largest error. Latency is measured and compared with a limit which is set with a VHDL generic. Com-
parison results are written to the log file. The test bench may be modified to accommodate a Control and
Diagnostic Port of the Developer’s design. It may also be modified to implement the Dump and Status
commands of Table 7 when it is appropriate to do so. Modifications will be performed as a coordinated
effort between Lincoln Laboratory and the Developers.
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Figure 12. Processor Model.

3.4 Data Files

All data files are supplied in a format readable by the Test Bench. Input data files from the ADTS
will be supplied for four frames of data. A synthetic data set will also be supplied and it may be possible
for MIT Lincoln Laboratory to create additional synthetic data sets at the Developer’s request. Setup files
will be supplied. Reference image data sets which have been generated by a C-language program from the
supplied input data and setup data will be supplied. The entire set of data may occupy more than 1 GByte
of disk space.

3.5 Auxiliary Software

MIT Lincoln Laboratory will also provide programs which convert the output files to an intermedi-
ate form and display images. The programs are written in C and have been compiled and executed in
SunOS 4.1. The display program uses the XIIRS5 interface. Programs to perform comparisons between dif-
ferent output data sets in this intermediate format will also be provided.
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4. METRICS

4.1 Introduction

All metrics associated with Benchmark-1 are described in this section. However, not every metric
identified in this section will necessarily be used in the Benchmark-1 Evaluation Report. Additional met-
rics may also be devised as Benchmark-1 progresses. The metrics which are currently believed to be essen-
tial for developing a comprehensive evaluation report are identified in Section 5 as deliverables which the
Developer must collect and supply to the Benchmarker during the course of Benchmark-1 execution. In
some cases, only estimates of the required metrics or parameters will be available. In such cases, the
Developer will supply a best estimate with a rationale (basis) for the estimate.

Two approaches will be applied to evaluate the RASSP process and products. In the first approach,
commercially available parametric cost estimation packages will be utilized, primarily to obtain estimates
of cost and schedule to serve as the current practice reference. The most comprehensive packages are the
Parametric Review of Information for Costing and Evaluation (PRICE) and System Evaluation and Esti-
mation of Resources (SEER). These packages are discussed in Section 4.2. In a second approach, metrics
derived from basic principles will be collected and utilized as a basis for evaluating specific areas of
RASSP product and process development. Such development areas include productivity measures of the
RASSP process such as lines of code per day produced, ease of use of the design environment, perfor-
mance and complexity of the product, quality of the product, cost of the process and the product. The met-
rics formulated for these and other areas are discussed in Section 4.3.

As the RASSP program develops, redundancies between the metrics derived from the parametric
cost estimators (Section 4.2) and the process and product metrics (Section 4.3) will be identified and elim-
inated. Metrics that do not correlate with the observed performance of the RASSP process and products
will be modified or replaced. In this way, the set of metrics will be continually refined over the duration of
the RASSP program.

Since a primary goal of the benchmark activity is quantitative measurement of RASSP related
improvements to design, it is anticipated that the collection and analysis of metrics for this purpose will
require a non-trivial effort on the part of the Developers and the Benchmarker. In formulating the Bench-
mark Execution Check List, the Developer should indicate the estimated cost to collect the metrics identi-
fied in Section 5.2. according to the breakdown of deliverables provided in Table 18 through Table 30.

4.2 Parametric Cost Estimators
Progress is measured in terms of costs, which are defined in the general sense where expense, devel-
opment time, and manpower requirements are considered to be “costs.” There are many software tools for

cost tracking and estimation, and the benchmark evaluation approach involves several such tools.

A technique called “detailed bottom-up estimating” [6] is used for cost tracking purposes. This
method is analogous to a bill of materials and labor required to produce each subassembly in a system, and
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the cost of integrating the subassemblies. Actual costs collected from the vendors are entered into a com-
puter system using a Microsoft Excel spreadsheet program, which has a data format compatible with all of
the parametric cost estimation programs discussed later. This approach allows data to be conveniently
entered, organized, analyzed and updated. Data accumulated from the various Developers and their sub-
contractors at different phases of the benchmarks are archived in a database for future reference. Effects
such as the normal progress of technology in the absence of RASSP can be factored out of the database at
a later time, if desired. The cost tracking feature of the Microsoft Project planning program is used in con-
junction with the database to determine the incremental and overall rate of progress in all areas of interest.

In a cost estimation technique known as “parametric estimating,” a cost estimating relationship
(equation, table or graph) is used to predict cost as a function of design size, performance variables, appli-
cable technology and other parameters. The Air Force provides a free program called REVIC which per-
forms software cost estimates based on the Constructive Cost Model (COCOMO) [7]. In addition, there
are at least 18 commercial companies which provide parametric cost estimation products for software [8].
Two product lines (PRICE from Martin Marietta PRICE Systems and SEER from Galorath Associates
Inc.) are of particular interest as they also provide hardware cost estimation capabilities. These programs
require a variety of inputs to perform their cost estimation function. The inputs to these various cost esti-
mation programs form a basic set of metrics which can be used to track the progress of RASSP, and other
metrics can be added as necessary. Note that actual benchmark measurements, not the predictive cost esti-
mates produced by the programs, will ultimately measure the progress. The cost estimates produced by the
programs can, however, be used to compare the complexity of one benchmark task relative to another
benchmark task. In addition, the cost estimates can be used to identify areas in which progress is being
made (e.g., a measured cost which is less than the current practice-based predictive cost estimates by a fac-
tor of 4 indicates potential achievement of a RASSP goal in a particular area).

4.2.1 COCOMO -- Constructive Cost Model

One set of metrics for tracking the progress of RASSP software is provided by the U.S. Air Force’s
COCOMO-based program, REVIC. Because the inputs required by REVIC are a subset of those required
by SEER (see Section 4.2.6 and Section 4.2.7), the REVIC inputs are not separately required deliverables.
REVIC is discussed here for tutorial purposes, since it may be used by the Benchmarker in the evaluation
process. This section contains an abbreviated description of the 17 software metrics, or cost drivers, used
by COCOMO [7]. Note that these metrics must be applied in a framework which considers the develop-
ment mode (ranging from a small straight-forward project to a large project requiring much innovation)
and phase of the project (requirements, product design, detailed design, code and unit test, integrate and
test, and maintenance). COCOMO makes estimates in terms of required effort (measured in staff months)
and project duration (measured in months), while using different effort multipliers to modify the cost driv-
ers according to project development mode and phase of development.

Incremental Development COCOMO is a modern spiral-model alternative to the traditional water-
fall model used in the standard software development process modeled by COCOMO. Instead of modeling
software development as if it were a single effort devoted to inventing a single product, Incremental Devel-
opment COCOMO models development as a series of concurrent software projects, each yielding an inter-
mediate product. This strategy reduces risk, and permits early delivery of an initial product. Although this
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feature does not affect the metrics, it is an important point to consider when selecting a COCOMO-based
RASSP tool.

4.2.1.1 Definitions.

4.2.1.1.1 Virtual machine. For a given software product, the underlying virtual machine is the
complex of hardware and software (operating system, database management system, etc.) it calls upon to
accomplish its tasks.

4.2.1.1.2 Delivered source instructions. Delivered source instructions (DSI) are lines of source code
delivered as part of the product. Test drivers and other support software are excluded. Source lines are
created by the project staff, and code created by applications generators is excluded. One instruction is one
line of code. Declarations are counted as instructions, while comments are not. The unit of measure is
thousands of delivered source instructions (KDSI).

4.2.1.2 Product attribute software metrics.

4.2.1.2.1 RELY: required software reliability. A software product possesses reliability to the extent
that it can be expected to perform its intended functions satisfactorily. Quantitatively, reliability is the
probability that the software performs its intended functions satisfactorily over its next run or its next
quantum of execution time. Reliability can be calculated if the software’s operational profile (the
probability distribution over the space of possible inputs or input sequences to the software, representing
the probability that each input or input sequence will be selected for the next run or quantum of execution
time) is known, and if a precise definition exists for what it means when the software “performs its
intended functions satisfactorily.” Given this information, a minimum variance unbiased estimator of
reliability can be calculated by first choosing N inputs or input sequences selected at random from the
operational profile distribution, using the inputs to exercise the software for N runs or execution time
quanta, use the success criterion to determine how many runs or quanta resulted in M satisfactory
outcomes, and computing M/N.

While this definition formalizes the concept of software reliability, it is of limited value in practice
due to the difficulty in determining the probability distributions over the space of possible inputs. In prac-
tice, reliability is often characterized through a defect rate per line of code. '

4.2.1.2.2 DATA: database size. The total amount of data to be assembled for the database (measured
in bytes or characters) divided by the program size (measured by the number of delivered source
instructions in the software product, KDSI) is used to incorporate database considerations into COCOMO.

4.2.1.2.3 CPLX: product complexity. The complexity is judged to be in one of the following six
categories, and a multiplier is chosen according to the project phase.
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Very low straight-line code, evaluation of simple expressions, VO statements
with simple formats, simple arrays in main memory.
Low straight-forward nesting of operators, evaluation of moderate-level
expressions, no knowledge of /O device characteristics, single-file .

subsets with no data structure changes.

Nominal Simple nesting with some intermodule control and decision tables, use
of standard math with matrix and vector operations, /O device selec-
tion with status checking and error recovery, multifile input and single
file output.

High highly nested operators with queue and stack control, considerable
intermodule control, numerical analysis including multivariate interpo-
lation, differential equations, roundoff error concerns, operations at
physical /O level (including physical storage address translations and
seeks), optimized /O overlap, special-purpose subroutines activated
by data stream contents, complex data restructuring at a record level.

Very high reentrant and recursive coding, fixed-priority interrupt handling, diffi-
cult but structured numerical analysis, near-singular matrix equations,
partial differential equations, routines for interrupt servicing and mask-
ing, communication line handling, a generalized parameter-driven file
structuring routine, file building, command processing, search optimi-
zation.

Extra high multiple resource scheduling with dynamically changing priorities,
microcode-level control, difficult and unstructured numerical analysis,
highly accurate analysis of stochastic data, device timing-dependent
coding, microprogrammed operations, highly coupled dynamic rela-
tional structures, natural language data management.

4.2.1.2.4 REUSE: required reusability. The reusability is judged to be in one of the following four
phases, and a multiplier is chosen according to the project phase.

Nominal Not for reuse elsewhere.

High Reuse within single-mission products. <
Very High Reuse across a single product line.

Extra High Reuse in any application.
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4.2.1.3 Computer attribute software metrics.

4.2.1.3.1 TIME: execution time constraint. One of four categories is chosen depending on the
percentage of available execution time to be used by the subsystem and any other subsystems consuming
the execution time resource, and a multiplier is chosen according to the project phase.

Nominal up to 50%.
High 51-70%.
Very high 71-85%.
Extra high above 85%.

4.2.1.3.2 STOR: main storage constraint. One of four categories is chosen depending on the
percentage of main storage to be used by the subsystem and any other subsystems consuming the main
storage resource, and a multiplier is chosen according to the project phase. Main storage refers to
high-speed memory from which programs are executed, not to disk capacity.

Nominal up to 50%.
High 51-70%.
Very high 71-85%.
Extra high above 85%.

4.2.1.3.3 VIRT: virtual machine volatility. This cost driver expresses the effects of changes in the
underlying virtual machine for which the software is being developed. A major (minor) change is one
which significantly effects roughly 10% (1%) of routines under development. The VIRT value is low for a
major (minor) change frequency of 12 months (1 month), nominal for 6 months (2 weeks), high for 2
months (1 week) and very high for 2 weeks (2 days).

4.2.1.3.4 TURN: computer turnaround time. The values for this variable are determined by the
average time from data processing job submission until results are returned. The TURN value is low for
interactive systems, nominal for systems requiring up to 4 hours, high for systems requiring 4 to 12 hours
and very high for systems requiring over 12 hours.

4.2.1.4 Personnel attribute software metrics.

4.2.14.1 ACAP: analyst capability. This variable expresses the rating for an analyst teamn with
regard to analysis ability, efficiency, thoroughness, and ability to communicate and cooperate. Experience
is not a factor (see AEXP). Ratings are expressed as a percentile in comparison to all other analyst teams.
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The specific ratings are:

Very low
Low
Nominal
High
Very high

15%
35%
55%
75%
90%).

4.2.1.42 AEXP: applications experience. This variable expresses the level of applications
experience of the project team developing the software subsystem. The ratings are defined in terms of the

team’s level of experience with this type of application:

Very low
Low
Nominal
High
Very high

<4 months average experience
1yr

3 yrs.

6 yrs.

>12 yrs., or reimplementation of subsystem

4.2.1.4.3 PCAP: programmer capability. This variable expresses the rating for a programming team
with regard to programming ability, efficiency, thoroughness and ability to communicate and cooperate.
Experience is not a factor (see VEXP). Ratings are expressed as a percentile in comparison to all other
programming teams. The specific ratings are:

Very low
Low
Nominal
High
Very high

15%
35%
55%
75%
90%

4.2.1.4.4 VEXP: virtual machine experience. This variable expresses a rating for the level of virtual
machine experience of the project team, excluding programming language (see LEXP). Ratings are
defined by the project team’s average experience with the virtual machine to be used:
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Very low
Low
Norminal
High

<1 month
4 months
lyr

>3 yrs

4.2.1.4.5 LEXP: language experience. This variable expresses the project team’s average duration
of experience with the programming language to be used:

Very low
Low
Nominal
High

<1 month
4 months
1yr

>3 yrs.

4.2.1.5 Project attribute software metrics.

4.2.1.5.1 MODP: modern programming practices. Modern programming practices such as
top-down requirements analysis and design, top-down incremental development, structured design
notation and code, design inspections (code walkthroughs) and assignment of a program librarian
(configuration control) play an important role in productivity. This variable expresses use of modern
programming practices with the following ratings:

Very low
Low
Nominal
High
Very high

no use
beginning or experimental use
experienced in use of some
experienced in use of most

routine use of all modern programming practices

4.2.1.5.2 TOOL: use of software tools. Software tool type, quality and degree of integration play a
major role in productivity. This variable expresses the availability of software tools rated as follows:
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Very low basic microprocessor tools

Low basic minicomputer tools

Nominal strong minicomputer or basic maxicomputer tools
High strong maxicomputer tools

Very high advanced maxicomputer tool

4.2.1.5.3 SCED: required development schedule. The software development effort is a function of
schedule constraints imposed on the project team. Ratings for this variable are defined in terms of the
percentage of schedule stretch-out or acceleration with respect to a nominal schedule (which is in turn a
function of the project development mode and phase of development). Only a limited range of percentages
are considered:

Very low 75%, severe acceleration
Low 85%, moderate acceleration
Nominal 100%

High 130%, moderate stretch-out
Very high >160%, severe stretch-out

4.2.1.5.4 SECU: classified security application. The level of classification is judged to be either of
the following two phases, and a multiplier is chosen according to the project phase.

Nominal Unclassified.
High Classified (Secret, Top Secret)

4.2.1.6 Factors not included in standard COCOMO. Factors such as type of application (control
vs. algorithm), language level (delivered source instructions vs. deliverable executable machine
instructions), other size measures (complexity, program entities such as routines or files, and number of
paragraphs in the software requirements specification), requirements volatility (amount of change in
software requirements between beginning and end of a project), personnel continuity (turnover),
management quality (failure to prepare resources), customer interface quality (poor communications),
amount of documentation (large amounts of poor quality documentation vs. smaller amounts of good),
hardware configuration (effects of poor support and reliability) and security (privacy) restrictions are not
specifically included in the standard COCOMO model. Many of the effects of these factors, however, are
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already covered by other factors in COCOMO.

4.2.2 PRICE S software

The PRICE Software Model applies parametric modeling methods to estimate the acquisition cost,
software sizing cost, and operating and support costs for computer software. The acquisition cost estimates
the software development acquisition process in each of the following phases:

1. System concept

System software requirements

Software requirements analysis

Preliminary design

Detailed design

Computer software configuration item (CSCI) test
System test

Operational test and evaluation (OTE)

e T AR A

System integrate and test.

The software sizing cost estimates the number of instructions in terms of source lines of code for both
commercial and military applications. The operating and support costs estimate the life cycle costs for the
maintenance phase, including software maintenance, enhancement, growth, and modification.

4.2.2.1 Acquisition Mode. For the acquisition mode, cost estimates are made using an EBS
(Estimating Breakdown Structure) which is a sideways tree structure that provides a graphical, hierarchal
representation of the system to be estimated. Associated with the element at the system level are the
output, global (includes schedule multipliers, cost element multipliers, sensitivity step variables,
person-hours per month, person-month decimals), financial factors (includes element labor rates,
overhead, cost of money rates, overtime percentage, general and administrative rates, profit percentage,
economic base year, escalation on/off), escalation (includes inflation rates from 1946-2025), and
deployment data types which allow for further customization of the cost estimate. Each subordinate
element in the tree has an associated data type of one of eight categories--Development CSCI, Purchased
CSCI, Furnished CSCI, Calibration CSCI, Development CSC (computer software component), Purchased
CSC, Furnished CSC, and Language--which each has its own specific variable inputs. Some of these
inputs appear in more than one category.
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4.2.2.1.1 Development CSCI.

PLTEM

CPLXM

INTEGI

INTEGE

UTIL

SCON
SDR
SSR
SRR
PDR
CDR
TRR
FCA
PCA
FQR
OTE

platform; the customer’s requirements stemming from the planned
operating environment; measures acceptability of portability, reliabil-
ity, structuring, testing and documentation.

management complexity; effect of complicating factors (e.g. develop-
ment on a multinational level or at more than one location)

internal integration; level of internal integration of lower level work
packages of the CSCI.

external integration; level of integrating CSCIs into the next higher
level system.

utilization; the fraction of available hardware cycle time or total mem-
ory capacity used.

the date the system concept effort starts

the date the system design review is complete or,

the date the software specification review is complete.
date the system requirements analysis review is complete
date the preliminary design review is complete

date the critical design review is complete

date the test readiness review is complete

date the functional configuration audit is complete

date the physical configuration audit is complete

date the formal qualification review is complete

date the operational test and evaluation is complete

4.2.2.1.2 Purchased CSCI.

LANG
SLOC
FRAC

source langiage; source language of purchase s/w equipment.
source lines of code; total number of SLOC to be purchased

fraction of non-executable code; fraction of SLOCs describing the
type declarations and data statements.
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APPL

INTEGE
PCOST
UNITS

RATE
RATE TIME UNIT
PLTFM

application; expression of the application mix of instructions--low val-
ues correspond to math and string- manipulation; high values empha-
size Real-Time Command and Control and interactive applications.

see Section 4.2.2.1.1
cost of purchased component; cost of purchased software

cost units; provides the unit of measurement (hours, months, currency)
for the PCOST input

cost of labor for the development of the purchased s/w.
time per hour or per month used for the RATE input.

same as in Development CSCIL.

4.2.2.1.3 Furnished CSCIL.

LANG
SLOC
COST
FRAC
APPL
INTEGE
PLTFM

see Section 4.2.2.1.2
see Section 4.2.2.1.2
the cost of the software to be calibrated
see Section 4.2.2.1.2
see Section 4.2.2.1.1
see Section 4.2.2.1.1

see Section 4.2.2.1.1

4.2.2.14 Calibration CSCI. Runs price backwards using performance characteristic of recent
previous projects to calibrate the current cost estimation.

PLTFM
CPLXM
INTEGI
UTIL
COST

see Section 4.2.2.1.1
see Section 4.2.2.1.1
see Section 4.2.2.1.1
see Section 4.2.2.1.1

see Section 4.2.2.1.1

47




SDR or SSR
SCON

SRR

PDR

CDR

FCA
FQR
OTE

see Section 4.2.2.1.1
see Section 4.2.2.1.1
see Section 4.2.2.1.1
see Section 4.2.2.1.1
see Section 4.2.2.1.1
see Section 4.2.2.1.1
see Section 4.2.2.1.1
see Section 4.2.2.1.1

see Section 4.2.2.1.1

4.2.2.1.5 Development CSC

INTEGI
INTEGE
UTIL
SSR
PDR
CDR
TRR
FCA

4.2.2.1.6 Purchased CSC

LANG
SLOC
FRAC
APPL
INTEGE
PCOST

see Section 4.2.2.1.1
see Section 4.2.2.1.1
see Section 4.2.2.1.1
see Section 4.2.2.1.1
see Section 4.2.2.1.1
see Section 4.2.2.1.1
see Section 4.2.2.1.1

see Section 4.2.2.1.1

see Section 4.2.2.1.2
see Section 4.2.2.1.2
see Section 4.2.2.1.2
see Section 4.2.2.1.2
see Section 4.2.2.1.1

see Section 4:2.2.1.2
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UNITS
RATE

RATE TIME UNIT

4.2.2.1.7 Furnished CSC

LANG
SLOC
FRAC
APPL
INTEGE

4.2.2.1.8 Language

LANG
SLOC
FRAC
CPLX1

CPLX2

PROFAC

APPL
NEWD
NEWC

see Section 4.2.2.1.2
see Section 4.2.2.1.2
see Section 4.2.2.1.2

see Section 4.2.2.1.2
see Section 4.2.2.1.2
see Section 4.2.2.1.2
see Section 4.2.2.1.2

see Section 4.2.2.1.1

see Section 4.2.2.1.2
see Section 4.2.2.1.2
see Section 4.2.2.1.2

complexity 1; a quantitative description of the relative effect of com-
plicating factors such as product familiarity, personnel skills, software
tools, etc. on the software development task.

hardware/software interactions complexity; a quantitative description
of the relative effect of complicating factors such as new hardware
development and hardware developed in parallel caused by hardware/
software interactions.

productivity factor; an empirically derived parameter that includes
items such as skill level, experience, productivity, and efficiency.

see Section 4.2.2.1.2
new design; the percentage of new design effort.

new code; the percentage of new coding effort.

4.2.2.2 Software Sizing Mode. This mode estimates the number of instructions in SLOC needed for
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commercial and military applications.

4.2.2.2.1 Commercial

INTEGRATION
DESIGN REVIEW
CODE

WALK-THROUGH

TOP DOWN
APPROACH

MODULE TESTING
OuTP

OouTs

OUTD

INPF

OUTF

SCRF

COPT

INPFV

COMVA

LANG

TARSIZ

will the software program be integrated with other software programs?
is an in-house or customer design review required?

will the programmer have to walk through the program with peers and
offer a forum for its discussion?

will the top-down approach be used?

is modular testing (build a little, test a little) required?

output pages; the number of unique output pages directed to a line
printer (one output page equals 66 lines)

output screens; the unique number of format output reports or data for-
mat that will be output to a CRT display @ 24 lines/screen.

output displays; the unique number of format graphic outputs that will
be displayed on a CRT or plotting device.

input files; a quantitative description of the number of unique input
streams to the software package.

output files; a quantitative description of the number of unique output
streams of the program

scratch files; the number of temporary work or scratch files that will be
used internally by the software program for temporary storage, calcula-
tions, etc.

control options; the number of control options or modes of operation of
the software program.

input variable/fields; a required input that describes to the model the
number of different variable fields.

computed or created variables; describes the number of created tables/
variables used by the software program for various calculations.

language; the source language to be used for the software development
effort.

target size; the number of SLOC from a completed software program
for calibration purposes.
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SICAL
REQG

FBULK

4.2.2.2.2 Military

MILITARY/
COMMERCIAL

INTEGRATION
DESIGN REVIEW

CODE
WALK-THROUGH

TOP DOWN
APPROACH

MODULE TESTING
OUTP
ALPD

GRAFD

INPST

OUTST

the size calibration factor

requirements growth; anticipated growth from any uncertainty or
room for revisions in the original system requirements stage.

functional bulkiness; an efficiency rating of the software program that
takes into account the programmer’s skill and the effectiveness of
available programming tools in minimizing the amount of instructions
being written.

accounts for the inherent complexity of the project by its specification
level required with military projects generally being more specific and
complex.

see Section 4.2.2.2.1
see Section 4.2.2.2.1
see Section 4.2.2.2.1

see Section 4.2.2.2.1

see Section 4.2.2.2.1
see Section 4.2.2.2.1

alphanumeric displays; a quantitative description of the number of
unique alphanumeric display formats--similar to OUTP.

graphics displays; the unique number of operator graphic display for-

mats for rasters or other types of graphic displays, X-Y plotting boards,
and other real time command and control devices that employ designs
using pixels, aspect ratios, etc. :

input streams; software digital data signals received by a CSCI or CSC
that contains unique address data that instructs the receiving module
concerning the use of the message data contained on the stream.

output streams; software digital data signals generated by a CSCI,
CSC, or other piece of operating hardware such as servo mechanisms,
printers, etc.
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CSTATE control states; major decision points in a software program that branch
into two or more optional program routines.

INPMF input message field; the portion of an INPST or OUTST that contains
the intelligence being transmitted in the form of messages.
INPDK operator actions; any operator activity that results in a digital signal
being sent to a CSCIL.
INPAN input analogs; signals which are converted into digital signals prior to
transmittal to the CSCIL.
COMTA computer or created tables; the number of data elements (digital words

or acronyms) that are accumulated in tables (either in matrix form or in
active storage.)

FBULK see Section 4.2.2.2.1
REQG see Section 4.2.2.2.1
SICAL see Section 4.2.2.2.1
TARSIZ see Section 4.2.2.2.1
LANG see Section 4.2.2.2.1

4.2.2.3 Life Cycle (Operating and support) Mode. This mode estimates software maintenance,
enhancement, growth, and modification costs.

PLTEM see Section 4.2.2.1.1
UTIL see Section 4.2.2.1.1
SSR see Section 4.2.2.1.1
SCHFAC schedule fraction; the amount of software development schedule accel-

eration or stretch out.

DEVCST development cost; the total software development cost

DEVU development units; the units (Hours, Months, Currency) entered for the
DEVCST input.

RATE TIME UNIT see Section 4.2.2.1.2

RATE see Section 4.2.2.1.2
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4.2.3 PRICE-M micro circuits and electronic assemblies.

PRICE-M consists of three modes: microcircuit, module, and database. The micro circuit mode
emulates the procedures and processes involved in the design and fabrication of microcircuits. The module
mode represents a computerized modeling technique designed to produce cost and schedule estimates
associated with the design and production of modules, boards, or hybrids. The database mode allows the
user to place frequently used components into files which are then specified as extra input files in the mod-
ule mode. Indices are derived from the calibration process based on cost history. (*) indicates optional
data.

4.2.3.1 Module mode inputs.

4.2.3.1.1 General A.

QTY quantity of production modules
PROTOS quantity of prototypes

LENGTH, WIDTH length and width of module in inches
LAYERS number of discrete layers

PLTFM platform (commercial low, commercial high, military fixed, military
mobile or high fixed or commercial aircraft, military aircraft, or
manned space)

NAME name of module
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4.2.3.1.2 General B.

MBINDX
BTYPE
BSIDE
*BCOST
*PTYPE
*PPINS
*PCOST
*ATCOST

manufacturing index based on cost history

bard type (material and use -- e.g., standard, RF, microwave, or power)
board sides (component layers, not related to LAYERS above)

board cost

package type (material and use, as BTYPE)

number of connections

package cost

assembly and test cost

4.2.3.1.3 PRICE-H Interface.

QTYNHA

INTEGE
HSINT

WEIGHT
VOLUME
BWT
PWT

4.2.3.1.4 Development.

ECMPLX

NEWDES
*DESRPT

number of modules to be integrated and tested into the next higher
level of integration

electronic integration

hardware/software integration (based on amount of modifications,
simplicity of interface, and importance of timing)

weight (pounds)

volume (cubic feet)
board weight (pounds)
package weight (pounds)

experience and qualifications of engineering team based on amount of
modification, technology level, and personnel experience)

percent new design

percent repetition in design effort
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4.2.3.1.5 Development schedule.

DSTART design start date

DFPRO date of completion of first prototype

DLPRO design end date or date of qualification of last prototype
DBINDX development index based on cost history

4.2.3.1.6 Production schedule.

PSTART production start date

PFAD date of completion of first production unit

PEND» production end date

*MAUTO level of automation of assembly and testing (based on automation pro-

cess-none, semi, or full- and description of assembly, such as robot
assembly, standard assembly, or all hand insertion)

MMAT level of experience and maturity of manufacturing process (based on
new, similar, or same process and description of difference in process)

4.2.3.1.7 Supplemental information.

YRECON year of economics (refers to cost outputs)
YRBASE base year of economics (refers to cost inputs)
*YRTECH year of technology

AUCOST average unit cost

ETCOST engineering total cost

PRCOST prototype cost

4.2.3.1.8 Component data.

CNUM
CNAME
CELM

number of components
component name

number of active components
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CTYPE type of component

CPKG component packaging

CPINS number of connectiﬁg pins and/or pads
CWT component weight

CCOST component cost

4.2.3.2 Microcircuit mode inputs.

4.2.3.2.1 General.

QTY production quantity
PROTOS prototype quantity
LENGTH, WIDTH length and width of chip (mils)

PINS number of pins
GATES number of gates
XSTRS number of transistors
CNAME component name

4.2.3.2.2 Development.

DPLTFM design platform (ground, mobile, airborne, or space)

SPLTEM ) system platform

DINDEX development index (based on speed in MHz and design technology)

CMPLX engineering complexity (based on personnel experience and scope of
design effort) '

NEWCEL percentage of library circuit cells or macros needed to be designed

DESRPT percentage of design repetition

CADFAC CAD factor (based on CAD features)

TERAT number of design/prototype/test integrations
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4.2.3.2.3 Production A.

PROFAC
MINDEX
PKGFAC
SUBFAC
LOTQTY
WSIZE
FSIZE

4.2.3.2.4 Production B.

CPYLD
ASMYLD
OVLYLD
MSKLVL
DEFDEN
MAUTO
MMAT

production factor
manufacturing index
packaging factor
substrate factor

total lot quantity
wafer diameter (mm)

feature size (microns)

circuit probe yield
assembly yield

overall yield

mask levels

defect density
manufacturing automation

manufacturing maturity

4.2.3.2.5 Development schedule.

DSTRT

© PTSRT
PTEND
TSTEND
DEND

development start date
prototype start date
prototype end date
prototype test end date

development end date

4.2.3.2.6 Production schedule.

PSTRT

production start date
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PPEND pre-production end date
PEND production end date

4.2.3.2.7 Supplemental information.

YRECON year of economics

AUCOST - average unit cost

4.2.3.3 Database mode inputs.

PLTEM platform
YRBASE base year

Component data (see Section 4.2.3.1.8).

4.2.4 PRICE H hardware systems.

Cost estimates are made via an Estimating Breakdown Structure (EBS). The EBS is a sideways tree
structure which provides a graphical depiction of the system to be estimated. Fourteen items called ele-
ments can be selected from the EBS for editing, copying, moving, deleting or processing. The 6 primary
hardware operation elements are: system, assembly, electro/mechanical, structural/mechanical, modified
and calibration. The 3 integrating operation elements are: design integration, hardware/software integra-
tion and hardware integration & test. The 5 specialized elements are: purchased, given cost, furnished,
thru-put and multiple lot production. Four different types of data or operations may be associated with
each element: input, output, global and escalation. Input variables, or metrics, may have a different defini-
tion and value for each element of the EBS. Input variables can be grouped into 11 categories as follows,
but there is considerable overlap and interaction between the categories.

4.2.4.1 Project magnitude. The number of development and/or production units. Included in this
category is the weight, volume and/or the electronic weight or packaging density of the assembly

QTY number of production units
. PROTOS number of prototypes

PROSUP prototype support

WT total weight
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N structure weight

WECF weight of electronics per cubic foot

WSCF weight of structure per cubic foot

VOL total volume

USEVOL fraction of total volume used by electronics

4.2.4.2 Customer specification and reliability requirements. The specification level, operating
environment and reliability requirements associated with the end use of the product.

PLTFM ' platform type (e.g. car vs. spacecraft)
MREL mechanical reliability (estimated Mean Time Between Failures)
EREL electronic reliability

4.2.4.3 Complexity of design. A measure of the effort’s technology, producibility (material,
machining and assembly tolerance difficulty, etc.) yield, platform and all labor required to produce the
structural and/or electronic part of the assembly.

HYBRID percentage for each type of electronics that consist of hybrids

Ic percentage for each type of electronics that consist of integrated cir-
cuits

LSI percentage for each type of electronics that consist of large scale ICs

(100-1K gates)

VLSI percentage for each type of electronics that consist of very large scale
ICs (1K-1M gates)

MCONST a constant used to describe material and style
MEXP raw material type code
MCPLXS manufacturing complexity of the structure

MCPLXS is a function of precision of fabrication (PRECI), machinability of material (MI), diffi-
culty of assembly (MATUR), number of parts (NP) and platform (PLTFM). Additional input parameters
(e.g., HOGOUT if more than 10% of slug weight is machined away), including historical data, can also be
applied.

MCPLXE manufacturing complexity of the electronics
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MCPLXE is a function of the type of electronics (analog, digital, display, etc.), electronic compo-
nentry (discrete devices, ICs, hybrids, etc.), specification (testing level varies with platform) and various
adjustments (component quality, density and a calibration factor based on historical data).

Calibration procedures use actual cost data from completed projects to determine historical values
for MCPLSX and MCPLXE. This operation is referred to as ECIRP, which is PRICE spelled backwards.
Inputs to the ECRIP include:

AUCOST average unit cost

PTCOST production total cost

PRCOST prototype cost (total manufacturing, tooling and test equipment cost of
the prototypes)

DTCOST development total cost (total engineering and manufacturing cost of

development phase)

A value for the prototype multiplier (PRMULT) calibration factor is obtained during the calibration
process.

4.2.44 Complexity of engineering. The experience, skill and know-how of the assigned
individuals or team, as applicable to the specified task. This is a measure of the complicating factors of the
design effort.

ECMPLX engineering complexity

SE systems engineering factor (a function of engineering complexity and
development schedule, this factor multiplies the total drafting and
design costs to obtain the SE cost)

4.2.4.5 New design and/or design repeat. How much new work is required. The amount of design
that can be taken from existing design drawings and the amount of structure repetition.

NEWST new structure (amount of new structural design effort)

DESRPS design repeat of structure (amount of structural repetition in a particu-
lar design)

NEWEL new electronics

DESRPE design repeat of electronics
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4.2.4.6 Schedule impact. The relative impact of known and unknown scheduling conditions on the
normal time required to complete the project.

PSF prototype schedule factor
DSTART development start date

’ DEND development end date
DFPRO development first prototype complete date

) DLPRO development last prototype or completion date
PSTART production start date
PFAD production first article delivery date
PEND production end date
TCALD time calibration multiplier for development schedule
TCALP time calibration multiplier for production schedule
NSHIFT number of work shifts in production phase
NFACS number of facilities in production phase

4.2.4.7 Technology growth. The technology of hardware production is continually changing.
On-going innovations lead to more efficient manufacturing processes, materials, support tools and
management practices.

YRTECH year of technology

ZTECH technology improvement Z-curve (allows user to control rate of tech-
nology improvement)

TECDEL technology delay (allows forward or backward time adjustment to
technology improvement curve)

- 4.2.4.8 Hardware/software integration. When hardware relies on software for operation, it is
necessary to integrate the software with the hardware.

HSINT hardware/software integration factor

LANG source language used in the software development effort

61




SLOC number of source lines of code excluding comments

FRAC fraction of non-executable code (DATA statements, etc.)

APPL application (ranges from simple applications to complex real-time
command and control applications)

CPLXM management complexity (e.g. software developed at more than one
location)

4.2.49 System integration. Many large hardware developments involve the merging of two or
more related hardware products into a single unified system. The individual products often have widely
varying characteristics, and they may even be developed by different organizations or companies.
Resources and time are required to accomplish total system integration. Cost and schedule estimates are
developed for this activity by examining the level of integration required for each individual subsystem,
and using the results to determine the effort required to bring subsystems together into a total unified

operation.

QTYNHA quantity next higher assembly (number of units to be integrated and
tested at next higher assembly level)

INTEGE electronic integration factor

INTEGS structural/mechanical integration factor

EPLANS electronic plans and procedures as related to integration effort

SPLANS structural plans and procedures as related to integration effort

4.2.4.10 Specialized costs. Inputs for the 5 specialized elements are readily obtainable and in many
cases provided as part of the design effort. Purchased elements use actual costs (including handling), and
estimates for given cost elements (e.g., multi-chip modules and custom ICs) are available from PRICE M
when actual costs are not available. Costs associated with furnished elements, thru-put elements (items
added to the total system cost without any additional markup) and multiple lot production are listed.

COST recurring cost of purchased items
COSTTYPE cost type (constant vs. “as spent” units)
CDFRAC fraction of a custom design cost allocated to a module cost for a given

cost element

DDRCST development drafting cost of a given cost element
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DDRAFT
DDECST
DDSIGN
DSYCST
DPICST
DPROJ
DDACST
DDATA
DPRCST
DTTCST
DTLGTS
GDTLGT

PDRCST
PDRAFT

PDECST
PDSIGN
PPICST
PPROJ
PDACST
PDATA
PPRCST

PTTCST
PTLGTS
GPTLGT

development drafting calibration multiplier

development design cost of a given cost element

development design calibration multiplier

development system cost of a given cost element

development project management cost of a given cost element
development project management calibration multiplier
development data cost for a given cost element

development data calibration multiplier

prototype manufacturing cost of a given cost element
development tooling and test equipment cost for a given cost element
development tooling and test equipment cost calibration multiplier

global development tooling and test sets calibration multiplier (used
when DTLGTS is zero)

production drafting cost for a given cost element

production drafting global multiplier (used to adjust drafting costs
without affecting other costs)

production design cost of a given cost element

production design calibration multiplier

production project management cost of a given cost element
production project management calibration multiplier
production data cost for a given cost element

production data calibration multiplier

production “production” (fabrication, assembly and test) of a given
cost element

production tooling and test equipment cost for a given cost element
production tooling and test equipment cost calibration multiplier

global production tooling and test sets calibration multiplier (used
when PTLGTS 1s zero)
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DCOST
PCOST
TCOST
PIF

UNITLC
RATE
RATOOL
GAP
GAPFAC

LOTFAC

OPC

development cost of a thru-put element
production cost of a thru-put element
total cost of a thru-put element

PRICE improvement factor (how cost/quantity impacts production)
for multiple lot production

unit learning curve for multiple lot production
production rate in units per month

rate tooling for high production rate multiple lots
production break (months)

gap factor to adjust for loss of learning between interrupted multiple
lots

lot factor to adjust for transitions between lots in multiple lot produc-
tion

only piece cost (cost of producing only one unit)

4.2.4.11 Other costs. Pertinent escalation rates and mark-ups for general and administrative
charges, profit, cost of money, internal research and development, tooling and test equipment cost and cost

of engineering change notices.

PTLGTS
ETLG!1
ETLG2
STLG1
STLG2
YRBASE

YRECON
DLEVE

production tooling and test equipment

electronic tooling and test equipment multiplier for initial setup
electronic tooling and test equipment multiplier for maintenance costs
structural tooling and test equipment multiplier for initial setup
structural tooling and test equipment multiplier for maintenance costs

base year economics (inflates actual costs from previous projects for
present-day use)

year of economics (defines economic base of output costs)

design integration level for electronics (in-house effort required for
purchased or furnished items)




DLEVS

DMULT

PMULT

SYSTEM

ECNE

ECNS

design integration level for structure (in-house effort required for pur-
chased or furnished items)

development multiplier (linear multiplier to all development cost out-
puts for markups)

production multiplier (linear multiplier to all production cost outputs
for markups)

development systems cost calibration multiplier

engineering change notices, electronic (linear multiplier represents
percentage of electronic drawing package that will change during pro-
duction)

engineering change notices, structural (linear multiplier represents
percentage of structural drawing package that will change during pro-
duction)

4.2.5 PRICE-HL Life Cycle System/Assembly Control

MTBF

TF
™O
EE
EN
CEND
CPE
CUR
CMR

PP
FNSP
CPPE

mean time between failures, assuming corrective, not preventative,
maintenance.

time to repair LRU

time to repair module at organization
equipment per equipment location
allowable failure number of LRUs
cost of engineering department

cost of production engineering
contractor unit repair

contractor module repair

meantime to repair on-equipment failures
number of module types

number of part types

fraction of non-standard parts

cost of a piece-part replaced on equipment
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CFIM
CFIP
FTSQF
FTSQP
TC
CCOU
FTSQC
DSTART
DEND
PSTART
PEND
CUP
CMP
CPP
YRECON
YAT

cost of fault isolate to module test equipment
cost of fault isolate to part test equipment
foot square floor area for LRU test equipment
foot square area for module test equipment
time to perform ceckout of LRU

cost of checkout of LRU support equipment
foot square area for LRU checkout test equipment
development start date

development end date

production start date

production end date

average cost of a LRU in production

average cost of a module in production
average cost of a part in production

year of economics

yearly attrition factor

4.2.6 SEER-SEM software estimation model.

The SEER Software Estimation Model creates cost, schedule, risk, and maintenance estimations for
software development. In SEER-SEM, software volume is the primary driver. It can be entered as func-

tions, as lines of code, or as both.

The WBS (Work Breakdown Structure) divides the overall project into computer programs or Com-
puter Software Configuration Items (CSCIs)--the highest unit of a software application--which can be fur-
ther subdivided into Computer Software Components (CSCs), which can be further subdivided into
Computer Software Units (CSUs). SEER-SEM provides cost estimates for each of the following project

phases:

1. System concept

2. System requirements design
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3. Software requirements analysis
4. Preliminary design

5. Detailed design

6. Code and CSU test

7. CSC integrate and test

8. CSCl test

9.

System integrate through operational test and evaluation
10. Maintenance and operatton support.

These phases correspond to the traditional waterfall model of development which may not apply to
the RASSP design methodology, but is appropriate for representing current practice.

Built-in knowledge bases are chosen as a function of four characteristics--platform (avionics, busi-
ness, ground, manned space, missile, mobile, ship, unmanned space), application (CAD, command/con-
trol, data base, diagnostics, flight, message switching, MIS, mission planning, MMlI/graphics, office
automation, OS/executive, process control, radar, report generation, simulation, software development
tools, test, training, utilities, other), development method (Ada development, Ada development with incre-
mental methods, Ada full use, prototype, spiral, traditional incremental, traditional waterfall), and develop-
ment standard (commercial, 2167A, 2167, 2167A minimal set, 2167A full set, 1703, 483-490, 1679 with
IV&V)

The values of the aforementioned four characteristics define a specific type of WBS item which
SEER-SEM uses to generate the most likely values and ranges for an extensive list of input parameters.
These parameters can then be modified by the user to further customize and refine the model of the overall
project environment. The parameters are divided into sixteen categories:

4.2.6.1 Effective Size. Includes the following parameters:
4.2.6.1.1 New Lines of Code.

4.2.6.1.2 Pre-Exists, Not Designed for Reuse.
e Pre-Existing Lines of Code
eLines to be Deleted in Pre-Existing
*Lines to be Changed in Pre-Existing
ePercent to be Redesigned
ePercent to be Reimplemented

e Percentage to be Retested
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4.2.6.1.3 Pre-Exists, Designed for Reuse.

o Pre-Existing Lines of Code

e Lines to be Deleted in Pre-Existing
e Percentage to be Redesigned

e Percentage to be Reimplemented

e Percentage to be Retested

4.2.6.2 Complexity. An overall rating of the software’s inherent difficulty.

4.2.6.3 Personnel Capabilities & Experience. Includes the following parameters:

e analyst capabilities

e analyst application experience

e pro gramrﬁer capabilities

e programmer language experience
»development system experience
etarget system experience

e practices & methods experience

4.2.6.4 Development Support Environment. Includes:

emodern development practices use

e automated tools use

elogon through hardcopy turnaround time

e terminal response time

e multiple site development
eresource dedication

eresource and support location
ehost development system volatility

e practices and methods volatility

4.2.6.5 Product Development Requirements. Includes:

erequirements volatility

e specification level/reliability
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stest level (verification/validation)
e quality assurance level

erchost from development to target

4.2.6.6 Product Reusability Requirements. Includes:
ereusability level required

e software impacted by reuse

4.2.6.7 Development Environment Complexity. Includes:
elanguage type complexity
ehost development system complexity
eapplication class complexity

e practices and procedures complexity.

4.2.6.8 Target Environment. Includes:
e special display requirements
e memory constraints
etime constraints, real time code
etarget system complexity
starget system volatility

e security requirements
4.2.6.9 Schedule (optional). Includes the required schedule (in calendar months)

4.2.6.10 Staffing (optional). Includes:
emaximum staffing rate per year
e maximum total staff available

o maximum effort available (in man-months)
4.2.6.11 Probability. An overall probability of completion for the software job under estimation.

4.2.6.12 Software Requirements Analysis. Includes:

erequirements complete at contract
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e requirements definition formality

e requirements effort after baseline

4.2.6.13 Software to Software Integration. Includes:
* CSClIs concurrently integrating
e integration organizations involved

e external interfaces among CSClIs.

4.2.6.14 Software to Hardware Integration. Includes:
ehardware integration level

eunique hardware interfaces.

4.2.6.15 Software Maintenance. Includes:
e years of maintenance
e separate sites
e maintenance growth over life
e personnel differences
e development environment differences
eannual change rate

¢ maintain total system.

4.2.6.16 Other Add-ons. Includes:
sexternal QA Costs

e program office costs

o IV&V costs.

-

4.2.6.17 Average personnel costs. The average costs per labor-month for the base year which
consists of:

e direct software management ' -
e software system requirements analysis
e software requirements analysis

e software design
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e software programming
e software quality assurance
e software configuration management

e software data preparation.

4.2.7 SEER-SSM software sizing model.

The SEER software sizing model estimates the expected size of a software project based on qualita-
tive/relative inputs without the use of databases.

As in SEER-SEM, the WBS (Work Breakdown Structure) partitions the overall project into mod-
ules--CSCIs which can be further divided into CSCs which can be further divided into CSUs--whose oper-
ational and functional characteristics are defined. SEER-SSM customizes the requirements for
user-provided input after the partitioned modules to the model have been designated.

SEER-SSM requires project information (company/organization, project name, file name), module
data (name of software unit and at least two reference modules of known size with their size expressed as
in DSI, DEMI, or function point count), and four user-provided input data sets (DSXs)--pairwise data,
PERT sizing data, sorting data, and ranking data--for execution.

4.2.7.1 Pairwise Data. SEER-SSM provides unique random pairings of all modules in the project
and requires the user to make a binary decision concerning their comparative sizes.

4.2.7.2 PERT Sizing Data. SEER-SSM requires the user to estimate:
e the total number of lines of code providing the lowest possible size for each module
ethe most likely size for each module

e the highest possible size for each module

4.2.7.3 Sorting Data. SEER-SSM provides a number of size intervals and the user is to determine
in which interval the size of each particular module falls.

4.2.7.4 Ranking Data. SEER-SSM provides unique ordered pairings (ordered tentatively after the
three previous steps) of modules in the project and requires the user to make a binary decision concerning
their comparative sizes.

4.2.8 SEER-IC integrated circuit model.

SEER-IC uses a Work Breakdown Structure (WBS) to create cost estimates for integrated circuits
(chips), multi-chip modules (MCMs) and chips on MCMs. Built-in and customized knowledge bases may
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be used to provide information for estimates. Built-in knowledge bases are selected as a function of project
type (MCM, complex gate array, custom chip, monolithic microwave integrated circuit, “none,” semi-cus-
tom chip or simple gate array), platform standard (industrial, commercial, military airborne, military
ground, military ground mobile, military sea, “none,” manned space or unmanned space) and acquisition
category (buy and integrate, customer furnished equipment, make, “none,” or subcontracted item). User
created (class) knowledge bases can be created if desired. Adjustment factors can be applied for specifica-
tion generation, design, prototype hardware and average unit production in each of the class, platform stan-
dard and acquisition category knowledge bases. Such adjustments are used to accommodate variations due
to fees or discounts. Once the applicable knowledge bases have been invoked and adjustments applied,
information is entered to perform estimates. Most input variables have an optional associated range such as
“least, likely, most,” or “low, nominal, high.” Application ranges for all required inputs (except production
quantity) are loaded by the knowledge bases. Users narrow the input ranges when actual values are known.
Inputs required to perform an estimate fall into 10 categories as described in the following.

4.2.8.1 Product description. Includes:
*Chip area (die area in square millimeters)
*MCM substrate area
. humber of devices on MCM
e feature size (minimum line width and spacing in microns)
e transistors per chip
e gates per chip
e input/out