1.013: Senior Civil and Environmental Engineering Design:
Sensor Networks and the Smart Campus
Spring 2014
TuTh 1‐4pm, Beaver Works, 300 Technology Square
Instructors: Eben Cross (escross@mit.edu), Caitlin Mueller (caitlinm@mit.edu)
Faculty: Colette Heald (heald@mit.edu, 48‐335), Jesse Kroll (jhkroll@mit.edu, 48‐323),
John Ochsendorf (jao@mit.edu, 5‐418C)
LL Mentors: Ken Mawhinney (Kenneth.Mawhinney@ll.mit.edu); Danelle Shah (danelle.shah@ll.mit.edu)
Theo Tsiligkaridis (ttsili@ll.mit.edu); Loren Wood (wood@ll.mit.edu)
CI Lecturers: Harlan Breindel (breindel@mit.edu, 38‐583), Jared Berezin (berezin@mit.edu, 12‐112)
Office hours: By appointment
Website: stellar.mit.edu/S/course/1/s14/1.013

OBJECTIVES
The objective of this class is to synthesize prior educational concepts from the Civil and Environmental
Engineering program into a semester‐long design experience. This will be achieved through the
concurrent exploration of three major projects: first, the deployment and analysis of a specific on‐
campus sensor network to measure air quality; second, the design of a campus “smart city”; and third,
the design, construction, and analysis of a tower structure. As part of this class students will participate
in all levels of design: research, system design, prototyping, and analysis. Complementary lectures and
reading will introduce students to relevant concepts in smart cities, sensor network design, and
engineering practice and ethics. Instruction and practice in oral and written communication are an
integral part of this course.
REQUIRED TEXT
“Engineering Communication: From Principles to Practice”, Robert Irish and Peter Weiss, Oxford
University Press, Second Edition, 2013
COURSE OVERVIEW
The class involves three distinct but closely‐related projects, all of which relate to the concept of the
“smart city” and sensor networks. In these projects, your role is that of civil/environmental engineering
consultants, hired by us, your instructors (in the role of MIT/the client). The three projects are as
follows:
I. The implementation of a single sensor network on campus. The second project involves the
construction and use of a targeted sensor network (similar to those designed in Project I) on campus, in
order to meet a defined objective. For the 2013‐14 academic year, your specific task is to assess the
exposure of the MIT population to airborne pollution. Poor air quality is one of the largest causes of
premature death worldwide, and, because of rapid increases in global urban populations (especially in
developing countries), is likely to become an increasingly central problem in civil and environmental

engineering over the next several decades. The development of an air quality sensor network for MIT’s
campus will allow us to understand the health risks our own community faces, and ideally will address
specific air quality concerns associated with a campus research university. Moreover, the network will
serve as a generic testbed/prototype for future air quality networks, for deployment across a diverse
array of urban and rural environments in both the developed and developing world. Finally, through
this implementation project you will tackle deployment, communication (e.g. web interface), and
analysis challenges common to all sensor networks. In this class you will take an existing prototype
design (from the fall semester class, 1.S992) and make it into to a full‐scale, campus‐wide sensor
network. Various tasks associated with implementation will be carried out in 4‐5 person teams. You will
use this network to assess MIT’s air quality (which you will describe in a formal report) as well as to
provide a means for the MIT community to have access to the data (which you will describe in a public
presentation).
II. The design of a “smart campus”. Your smart campus design will consist of several networks for
sensing and/or control of various aspects of current or future campus/urban life. You will break up into
teams of 2‐3 and each team will define a focus area and design an individual network. Sample topics
include energy efficiency, transportation, structural integrity, and environmental health, but the focus of
your group’s network is entirely based on your own interests. The ultimate goal is scalability, such that a
larger version of the same design could be implemented for a entire urban area (Cambridge, Boston,
etc). The product of this project will be a written proposal for an on‐campus sensor network,
articulating the motivation and needs for the measurements, the context, the approach, and the
implementation design and estimated costs.
III. The design, model construction, and evaluation of a tower structure. In this third project, teams of
three will apply structural principles to the design of a tower that supports a sensor package like those
used in the second project and resists wind loading. The design goals include meeting strength and
stiffness requirements while minimizing the amount of structural material used. You will develop the
designs using hand calculations, finite element analysis software, and structural optimization software.
You will then construct models of your towers using digital fabrication tools in the Beaverworks facility.
The structural performance of the designs will be evaluated through static load testing, and observed
deflections and other behavior will be compared to those predicted by finite element analysis. The
design, fabrication, and testing phases of this project will be documented in a technical lab report
carried out in teams.

GRADING
I. Concept Network Presentations (teams of 2‐3)
I. Written Network Proposals and Poster (teams of 2‐3)
II. Status Report Presentations and Gantt Chart
II. AQ Network Implementation and Analysis Report (all)
II. Public Presentation on AQ Network & Web Portal (all)
III. Lab Report on Tower Structure (teams of 3)
I/II/III. Participation (individual): based on instructor/peer evaluations

5%
15%
5%
15%
20%
20%
20%

The schedule for individual assignments/presentations is given on the next page. Details for each will be
provided later in the semester.
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