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Internet Access EducationMobility & Social Interaction

How is the campus WLAN experience?

When, where and why performance goes bad?

How to improve and optimize the experience?

How residents interact with different buildings?

Where do people go to spend time?

Whom do they stay with?

Do students attend classes?

How students distract during lecture?

Can we predict academic performance?

How many years have you spent on campus?

What activities do you perform on campus?

How to gain knowledge about campus life?
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Tsinghua campus covers an area of 

~4.4km2 on which ~45,000 students and 

~12,000 faculty and staff members are 
studying, working & living.

Campus WLAN Combination!Mobile Apps

~2,700+ APs (until Jan 2016) in 114+ buildings

~20,000 connected devices at peak

~95,000 mobile phones

TUNet & Tsinghua Now

installed on >8,600 Android & >6,500 iOS devices

~2,300 opt-in volunteers contributes data

MobiCamp uses the combination of

enterprise WLAN data and mobile App user data 

both at a large scale.
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Campus
WLAN
๏2,700+ APs in 114 buildings (even more!)
๏~95,000 mobile phones
๏SNMP traps and polls:

๏ Association events
๏ Packet RSSI (connected, rogue, probe)
๏ Radio environment measurements
๏ AP settings and attributes

๏ Mobility Detection
๏ Network Performance
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๏TUNet & Tsinghua Now (~20%)
๏~2,300 opt-in volunteers
๏Mobile data:

๏ WiFi environment: scan results, SSID…
๏ Sensors: pedometer, SCREEN ON/OFF
๏ User attributes
๏ Education data

๏ Evaluation of mobility detection
๏ Actions when stay with others
๏ Classroom education measurements

http://lab.mu

http://lab.mu


01.

02.

03. 04.

Combine
Data

03. Device v.s. User Identity

Visitors / Stationary / Phones / Laptops

Based on device mobility.

04. Device Classification

Randomized MAC addresses!

Especially new iOS devices probe requests.

01. MAC Address Spoofing

Both Android and iOS are blocking direct access to MAC.

We build an API for querying by connected AP and IP in SNMP.

02. MAC Address Access Blocking

Not one-to-one relation!

We assign each MAC to its most frequent account.
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Mobility 
from 
WLAN
Data

Simple
Cost-effective
Labelling-free
Room-level

9 Mobility Definition
Stay interval (start time, end time) &
Appeared location (RSSI fingerprint)

Step 1: Sliding Window
• Association & RSSI records -> 

Fingerprint Snapshots.

• Continuously kick out deprecated 
records and records of “far-away” APs.

Step 2: Merge Snapshots
Successive “similar” snapshots are 
merged into large one.
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Mobility derived from WLAN data.
✓v.s. from mobile device data.
✓v.s. manual logs.

Evaluations
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MobiCamp
Applications
03

01 Data Collection 
02 Mobility Detection



Applications
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Physical Activities

Activities among Heterogeneous Buildings

Distractions during Co-location

Network Performance

Characterizing and Improving WiFi Latency 

in Large-scale Operational Networks

Education

Classroom Education Measurements via 

Large-scale WiFi Networks



Activities among Heterogeneous Buildings

ZJ18(dorm)
ZJ16(dorm)
ZJ17(dorm)
ZJ14(dorm)
ZJ15(dorm)

ZJ20(dorm)
ZJ23(dorm)

ZJ21(dorm)
ZJ19(dorm)
ZJ22(dorm)

DongJieJS(classroom)
JiuShuiLiG(department)

GuYueTang(administrative)
FuXiaoE(fuxiao)

FuXiaoB(fuxiao)
FuXiaoF(fuxiao)

FuXiaoA(fuxiao)
FuXiaoD(fuxiao)

DongZhenL(unknown)
FuXiaoC(fuxiao)

6GY(administrative)
XiongZhX(department)

He2(department)
TaoLiYuan(cafeteria)

ZiJingYuan(cafeteria)
YuShuYuan(cafeteria)
ZhiLanYuan(cafeteria)

JinChunXL(hotel)
RenHuanL(department)

KeYanNanL(department)
ShengMingL(department)
KeYanBeiL(department)

YiXueY(department)
ShanZhai(department)

MingZhai(department)
XinZhai(department)

GaoYaG(department)
HeTianL(department)

HuaXueG(department)
ReNengX(department)

YiFuJiKeL(department)
9003(department)

XiZhuL(department)
ZhuL(department)

MingLiL(department)
JingGuanXY(department)

ShunDeL(department)
12HL(administrative)
9HL(administrative)
WuLiX(department)

DongZhuL(department)
GongWuG(department)

HanJieG(department)
JianZhuG(department)
ShuXueX(department)

ChanYeL(administrative)
NengKeLB(department)

NaMiZX(department)
FIT(department)

HuanJingG(department)
LiuQingL(department)

WeiQingL(department)
WeiDianZiS(department)

YingShiL(department)
MeiYuan(department)

GongZiTing(administrative)
HuaYeDS(administrative)

5Jiao(classroom)
4Jiao(classroom)

3Jiao(classroom)
6Jiao(classroom)

FangGuanCh(administrative)
WenXiLou(department)

TiYuB(gym)
WenNanL(department)

2Jiao(classroom)
JTuShuG(library)

RenWenG(library)
XTuShuG(library)

WenBeiL(department)
NiSha(department)

CaiWuChu(administrative)
TuanWei(administrative)

HuanJingZX(department)
XinShuiLiG(department)

1Jiao(classroom)
XiJieJS(classroom)

XueTang(administrative)
YouYongG(gym)

XiTi(gym)
ZongTi(gym)
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➤ People tend to use phone burstly under weak social ties.

Distractions during Co-location
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WifiSeer
MobiSys'16

Characterizing and Improving
WiFi Latency
in Large-scale Operational Networks

✤ WLAN data
✤ Measure WiFi latency
✤ Machine learning models
✤ AP selection by mobile Apps

✤ Welcome to Session VII 😄

MODEL RADIO FACTOR EFFECTS

16

DIAGNOSE HIGH WIFI LATENCY SELECT A LOW LATENCY AP



EDUM
UbiComp’16

Classroom Education 
Measurements via
Large-scale WiFi Networks

ATTENDANCE RATIO
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PUNCTUALITY

COURSE DETECTION

LATE ARRIVAL & EARLY DEPARTURE

STUDY PERFORMANCE

LECTURE ATTRACTIVENESS
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¡Gracias!

http://zmy.io  /  E-mail: mengyu.chou@gmail.com  /  Mengyu Zhou 

http://github.com/zmy http://netman.cs.tsinghua.edu.cn

http://zmy.io
mailto:mengyu.chou@gmail.com?subject=
http://github.com/zmy
http://netman.cs.tsinghua.edu.cn

