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The promise: better data

225-04-2024



325-04-2024

¡ Ăţ ̋ Ă̧ ¸ ϳ ɘ̧ ĂḿģĂŤģŭ̧

� İ İ ĂőĂ̧ ŭţ Ăϳ Ă̧
dɘţ ĴčĴϳ СḿģĂŤģŭ̧

äĴİ ̧ ŭ̋ ī ŭŤĂ
ÄĴĢī ϳ ḿģĂŤģŭ̧

; ¸ ţ Ă̧ ¸ ģ
] ∞∏
: őɘĂϳ ŭŭϳ ī
] С̧ ŭģİ ŭ̋ Ă
∞̧ ŭРĴţ Ĵϳ СḿģĂŤģŭ̧

¡ ŭɘİ ī ģİ ̧ ĂĂŤ

∞̧ Ăģģɘ̧ ĂḿģĂŤģŭ̧
\ ĴŤĢĂ̧ ̋ ̧ ĴŤϳ ḿģĂŤģŭ̧



Traced by User:Stannered, Public domain, via Wikimedia Commons

https://commons.wikimedia.org/wiki/File:Pendular_accel.svg


Sensors aren’t (generally) designed to answer our research questions
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Current CBS app 
studies

• The app: Household 
Budget Survey (HBS) 

• The sensor: Camera
• The goal: Reduce 

respondent burden in 
inputting purchases by 
scanning receipts
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Current CBS app 
studies

• The app: Travel survey 
(AVA)

• The sensor: GPS/GNSS 
receiver

• The goal: Improve 
mobility reporting by 
filling in trip data
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The promise: better* data
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The promise: better*, faster, easier data
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Example: Layers in the 
Travel App

https://commons.wikimedia.org/wiki/File:Motorola_Xoom_-_Kionix_KXTF9-1171.jpg
https://creativecommons.org/licenses/by-sa/4.0/legalcode


© Raimond Spekking / CC BY-SA 4.0 (via Wikimedia Commons), Motorola Xoom - Kionix KXTF9-1171, CC BY-SA 4.0

Sensor weceptin

Devuxe

Apkuvin

Ewscracl qzhston

Wrong data can be 
reported at a layer

https://commons.wikimedia.org/wiki/File:Motorola_Xoom_-_Kionix_KXTF9-1171.jpg
https://creativecommons.org/licenses/by-sa/4.0/legalcode


© Raimond Spekking / CC BY-SA 4.0 (via Wikimedia Commons), Motorola Xoom - Kionix KXTF9-1171, CC BY-SA 4.0

Sensor r_ception

D_vic_

Ap__l_ca__on

_e______ q__s___n

Missing data can occur 
at several layers

https://commons.wikimedia.org/wiki/File:Motorola_Xoom_-_Kionix_KXTF9-1171.jpg
https://creativecommons.org/licenses/by-sa/4.0/legalcode


Lots of data
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In total, over 2000 cumulative days of locations



Lots of holes

Average length of day 
recorded: ~ 10 hours
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Lots of data

1625-04-2024In total, over 2000 cumulative days of locations

In total, over 2000 cumulative days of locations

Light grey: all routes traveled in the data

Yellow: routes traveled where the data
are complete enough to use
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Imputation concept

Similar travel patterns can 
provide a basis for 
imputing long gaps in travel 
behavior.
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The imputation 
procedure

Gaps are filled with the 
travel behavior of a similar 
candidate. 

These go on to become a 
candidate for others.
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The imputation 
procedure

Using multiple candidates 
for filling each gap enables 
measurement of 
uncertainty and offers 
more robust estimates.
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Imputation 
consequences 
(simulation)

Compared to linear 
interpolation (LI), and 
mean imputation (MI), the 
methods that imputed 
travel behavior using this 
method were less biased
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Method comparison across all cases
Imputing travel distance



At each layer another algorithm
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Takeaways

• Sensors are exciting
• How we get from the physical measurements to 

answerable research questions is important
• Decisions made at each layer have downstream impacts
• The data we capture can be better
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Apps Detail
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Budget Study Layers

1. Get photo from device
2. Receipt segmentation
3. Bounding the rectangle
4. Cropping and rotating
5. OCR 
6. …?
7. Answers
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Mobility Study Layers
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1. Get location at certain 
frequency

2. Save the data
3. Filter noise
4. Decide on 

tracks/staypoints
5. Segment routes
6. User annotations





Dynamic Time Warping Based Imputation



Dynamic Time 
Warping-Based 
Imputation

• Aggregate travel 
characteristic to discrete 
time

• Set with missingness 
forms query (q)

• Complete segments 
form reference sets (ρ)

• Create and interpolate 
over gaps in ρ, then find 
best matches with DTW

• Fill gaps in q with 
created gaps in ρ.
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