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1 INTRODUCTION

This manual describes the design and use of a software simulator package for HF radios employing
FED-STD-1045/MIL-STD-188-141A Automatic Link Establishment (ALE). This package employs the
simulators for narrow-band HF channels and the standard ALE modem described elsewherel. This
software was developed by Johnson Research under the sponsorship of the Institute for
Telecommunication Sciences, National Telecommunications and Information Administration, U.S.
Department of Commerce, Boulder, Colorado. The initial work leading to the development of these
simulators was sponsored by the U.S. Army Information Systems Engineering Command, Ft. Huachuca,
Arizona.

The simulators described here are found at a higher level in the ISO OSI model than the channel and
modem simulators, as seen in Figure 1. Due to the modular nature of this simulator package, the
Linking Protection (LP) simulator can be incorporated with only minor changes in the other modules.
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Figure 1: Simulator Stack

1 EE. Johnson, "HF Simulator: Channel and Modem Modules,” Johnson Research, Las Cruces, NM, 2 July 1991.




This simulator package includes the following features of the ALE standard:
"« An address data base for self, net, and other addresses.

 Automatic measurement of a pseudo bit error ratio (PBER) for each successfully-received
transmission.

« AnLQA (Link Quality Analysis) matrix which records the PBER of channels between the
simulator and other stations, including both measured PBER from received transmissions,
and the PBER in the other direction, as reported by the other stations.

» Individual and net calls.
* LQA handshakes.
¢ Automatic Message Display (AMD).

The implementation of the simulator described in this report is limited in the following dimensions:
 Only single-word addresses (three characters) are supported.
+ Anycalls, allcalls, and group calls are not supported.
« Data text mode (DTM) and data block mode (DBM) protocols are not supported.

 Sounds are correctly interpreted, but do not update the LQA matrix and are not sent.

The overall operating concept of this simulator package is to simulate in detail those operations and
decisions made by an actual ALE radio which could have a first-order effect on the performance of the
network. Other functions are either "hard coded" into the simulator or precomputed during the
initialization phase. This leads to a design in which most transmissions are precomputed and then used
repeatedly for each simulated handshake, while the receiver is reset before each handshake and reacts to
whatever it receives, regardless of the type of transmissions selected for the simulation. The exception
to the rule of precomputed transmissions is LQA reports, which must be computed immediately prior to
transmission so that they correctly report the most recently measured channel conditions.

The role of the simulator is always as the receiver. Thus, in the course of a handshake between JOE
and SAM, the simulator first acts like SAM in receiving a call from JOE. It then switches to become
JOE to receive the response from SAM, and finally becomes SAM again to receive an acknowledgement
from JOE.

Given the precomputed transmissions, it is easiest to think of the receiver as "pulling” symbols
through the HF channel. Whenever the receiver is ready for the next symbol, the simulator finds the
next tone to be transmitted and passes it through the FSK modulator, the HF channel, and the FSK
demodulator, and delivers the result to the receive FEC module.

The modules of the simulator package are presented in the following order: first we discuss the
operation and data structures of the transmit side. Then, following the data flow, we discuss the
receiving FEC module and finally the receiving ALE protocol module. Some example results are
presented next, followed by listings of the code in an Appendix (including the ALE modem and HF
channel simulators, for reference).



2 SIMULATED TRANSMISSIONS

The simulation of ALE transmissions occurs in two phases:

1. precomputation of the frames to be transmitted, and creation of a data structure which
supports efficient retrieval of the precomputed symbols (handshake creation)

2. retrieval of the symbols, including modulation of the transmitted power level to reflect
periods when no transmitter is operating (handshake sequencing).

We first discuss the data structure, followed by examination of the functions which create it and read it.
The heading for each function or data structure includes the file and page number of relevant C code.

2.1 Frames Data Structure ale.c (L-1)

Each simulated handshake consists of a sequence of ALE frames, one per transmission. Each frame
consists of several phases: for example, a scanning call contains a scanning call of length Ty, a leading
call of length Tj¢, zero or more commands in a message section, and a frame termination of length T.
The frames data structure shown in Figure 2 parallels this hierarchical structure.

Each phase of a frame is represented by a WordRec, a structure having the four fields shown in
Figure 2: a next field which points to the WordRec for the next phase, a Repetitions field which
indicates the number of times the ALE word for that phase is to be repeated on the air, a Word field
which points to a pre-encoded array of 49 symbols for the associated ALE word, and a TxLevel field
which sets the SNR of that word. In Figure 2, we see a simplified version of a 'scanning call, with
Tsc =20 Trw, Tic =2 Trw, and Tx = 1 Trw. Note that pre-encoded words, and even WordRecs, may be
shared among frames. For example, the acknowledgement in this handshake (frame 2) can reuse the T
and Ty from the scanning call, as shown. The other variables shown are discussed later.
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Figure 2: Frames Data Structure



