Teaching Engineering using Computerized Toys

Part 1. Hornby Railways; A Laboratory Course about Engineering Systems

MAE 412 Microprocessors for Measurement and Control Spring
Introduction to microcontroller applications. A laboratory course dealing with the design and
construction of self-contained computer-based electronics projects. Major topics include a

review of digital and linear electronics, an introduction to microcomputer architecture and
assembly language programming, device interfacing, and system design. Two lectures, two
two-hour laboratories. Prerequisite: 221 and 224, or equivalent. M. Littman

Part 2: LEGO Mindstorms; A three-week session of a Freshman Laboratory Course i
the topic: Robotic Remote Sensing

*EGR 194 An Integrated Introduction to Engineering, Mathematics, Physics
II (also MAT 193 /PHY 193) — Spring ST

Taken concurrently with 193. These two courses will address the material of PHY 104 and
offer an introduction to the various disciplines of engineering. The engineering part of

the course is a project-based sequence (energy conversion and the environment, robotic
remote sensing, and wireless image and video transmission) that covers engineering
disciplines and their relationship to the principles of physics and mathematics. Students
who were enrolled in both 191 and 192 concurrently in the fall semester will continue in
the spring in both 193 and 194. P. Debenedetti, M. Littman, 5. Lyon
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DEMONSTRATION OF HORNBY SYSTEM

ON-BOARD MICROCOMPUTERS for control of speed and direction of
up to 16 locomotives

WAY-SIDE MICROCOMPUTERS for control of state of up to 99
accessories (RR switches and RR signals)



DEMONSTRATION OF HORNBY SYSTEM

How does the MASTER CONTROL UNIT communicate with the ON-
BOARD and WAYSIDE MICROCOMPUTERS?

The Railroad Tracks are used for both POWER and DATA. The Tracks
are a broadcast network following a protocol (set of rules).

The POWER and DATA protocol is evident from examining the voltage on
the RR Tracks.
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Figure 9— Detailed breakdown of bits and coding for locomotive control data frame number 01,

Regularly - Each data burst contains speed and direction info for 4 locomotives
Occasionally - a data burst contains commanded state of a RR switch or signal
IMPORTANT IDEA: Power and Data sequenced T Motors are off during Data
Digital System is built on the TI TMS 1000, an early 4-bit microcomputer

Packet checksum: 8 4-bit ADC instructions i result must add up to 1111



MAE 412 Microprocessors for Measurement and Control Spring
Introduction to microcontroller applications. A laboratory course dealing with the design and
construction of self-contained computer-based electronics projects. Major topics include a

review of digital and linear electronics, an introduction to microcomputer architecture and
assembly language programming, device interfacing, and system design. Two lectures, two
two-hour laboratories. Prerequisite: 221 and 224, or equivalent. M. Littman

Engineering System
Plan 1T Build i Operate
Specifications i Standards T Rules

Design i Construction T Operation

What? Build an automated model railroad project using
an embedded microcomputer and clever mechanisms.

Why? Learn about computer architecture, computer
programming (assembly language), and gain experience
in planning, building, and operating a multi-disciplinary
engineering system.



First six weeks: Design, build, program, test a single board microcomputer
that is able to receive instructions (data) from the RR track signals.
Computer development is carefully orchestrated 1 first, build a minimal
computer using only Clock, Display, EPROM, and Processor. Then add
additional new capabilities, o1e at a time. First RAM, then Interrupts, then
input/output registers/then pHrogrammaiible gate array. 5ix week goal is to
build a robust semi-standardized embadded controller ‘or projects.
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First six weeks: Design, build, program, test a single board microcomputer
that is able to receive instructions (data) from the RR track signals.
Computer development is carefully orchestrated 1 first, build a minimal
computer using only Clock, Display, EPROM, and Processor. Then add
additional new capabilitics, one at a time. First RAM| then Interrupts, then
input/output registers, then programmable gate array. Six week goal is to
build a robust semi-standardized embecdded controllzr for projects.



