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Why Count?

* Track changes over time
* Plan and design new infrastructure
» Safety analyses

e Estimate health impact of community wide physical
activity levels




Challenges with Pedestrian Counts

* Less confined to fixed paths
* Unpredictable movements
* Travel in close groups

* Limited automated equipment
available for counts

Portland State SIATE | UtahStateUniversi
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Counting Methods

Passive

Manual Video Active Video
counts (manual) infrared infrared (computer)

Seismic

Radar

Pressure

Inductive Loops
(bike only)

Pneumatic Tubes
(bike only)
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Emerging Technologies
U
‘c

Wi-Fi

Legend
Predicted Annual Avg. Daily Pedestrian Volume
AAD_pred
o >520-1634
o >234-520
115238
41

* Expansion and adjustment
factors

Wladha,

e Direct-demand models

* Regional travel demand models —

Singleton, Park, & Lee, 2021:

5
https://doi.org/10.1016/j.jitrangeo.2021.103067



https://doi.org/10.1016/j.jtrangeo.2021.103067

Measures of Activity

e Active sensors

* Imperfect measures

* One person can press the
button multiple times

* Group of people may
press button once

* People may cross without
pressing the button

* Signals on recall

Portland State E‘m‘[rﬁE UtahStateUni i
.y tahStateUniversity
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Table 1: Example high-resolution traffic signal controller event log

Location

5306
5306
5306
5306
5306
5306
5306
5306
5306

Timestamp
01/0172019 12:00:32.600
01/01/2019 12:00:32.600
01/01/2019 12:00:32.900
01/01/2019 12:00:33.100
01/01/2019 12:00:33.500
01/01/2019 12:00:55.000
01/01/2019 12:00:55.000
01/01/2019 12:01:00.000
01/01/2019 12:01:22.000

~ Event Code 7

90
45
89
90
89
0

21
22
23

Event Parameter
8

00 OC 00 00 OC OC O O




Pushbutton Studies

* Pushbutton rates vary across locations by signal
type
* Presence/absence of approaching motor vehicles
* Age, gender, and other pedestrian characteristics

* Initial analysis of pedestrian phase actuations

e Useful for understanding patterns (time-of-day, day-of-
week, weather, seasonal effects, special events)

* Adjustment factors varied between 0.84 and 1.5
peds/phase (Blanc et al., 2015); 0.95 and 1.21
peds/phase (Kothuri et al., 2017)

 Observed correlations between 0.80 - 0.83

IIIIIIIIII



Utah Study

° Recorded videos MNeafin St/US=-01 @ 1400 N, LEN

* 90 signals, 320 crosswalks
e 24,085 crossing-hours
* Jan to Dec 2019

e Different hours,
weekdays, seasons

|

2019-02-06 10:48:45

* Counted pedestrians

* 174,923 people walking; 897 people skateboarding;
537 people in wheelchairs; others on bikes/scooters

IBHTA‘II'i‘E‘U hStateUniversi 8
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Objectives

* Explore the feasibility of collecting pedestrian data
from existing on-street infrastructure.

* Develop adjustment factors to convert pedestrian
data to actual pedestrian counts.

e Determine the transferability of the methods
developed and the efforts needed to apply these
methods statewide.

* Develop a workflow to integrate pedestrian traffic
counts into ODOT’s enterprise traffic data system.

IIIIIIIIII



Inventory of Sites

* Agency contacts
« ODOT
e Portland (PBOT)
e Corvallis
* Eugene
e Salem
* Washington County

e 803 = 433 signals

* Willamette Valley
or close to Portland

* High-resolution data o |

 Some ped. activity

IIIIIIIIII
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Site Selection Process

e ODOT, Portland (PBOT), nm

& Washington County Rural Low /
2 Isolated City non-MPO

e Stratified sampling by

3 Rural near Major

* Place Type = Center
* Low / non-MPO 4  City near Major
* Medium MPO Center
* High MPO 5&6 MPO Low Density

* Pedestrian activity 7 MPO Residential Medium
* Low: <250 8  MPO Employment MO
* Medium: 250-1000 9  MPO Mixed Use High MPO
* High: >1000 10 MPO TOD

https://www.oregon.gov/lcd/CL/Pages/Place-Types.aspx

[ |
Portland Stat TA iversi H
ortlan ate 5& UtahStateUniversity
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https://www.oregon.gov/lcd/CL/Pages/Place-Types.aspx

Study Locations

Potential sample (45-55)

Final sample (49)

Medium High
(100- (250+) NA
250)
Low or
Medium 4 4 3 5
Non-
MPO
Medium
MPO 4 4 4 7
High 4 4 4 1
Pedestrian activity Place type
Low (10-100) * Medium (100-250) Low or Medium Non-MPO
= High (250+) NA = Medium MPO
= High
12
20 13

é

Portland State

UNIVERSITY

/ 4
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Medium
(100-
250)
Low or
Medium 4 4 3 1
Non-
MPO
Medium
MPO 5 4 4 3
High 4 4 3 10

Pedestrian activity Place type

Low (10-100) = Medium (100-250) Low or Medium Non-MPO
= High (250+) NA = Medium MPO
= High
14 13

12

W W
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Selected Sites

+ sigs_selected - SIGID1_SOURCE
- ODOT MaxView
PBOT
WashCo
®

l 30 km
o Leaflet | ® OpenStreetMap contributors ® CARTO

[
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Extra Sites

Lewiston®

+ Richland I Extra ODOT
S Walla Walla=
7
@
O
O BOISE*
| 50 km |
| 50 mi | Leaflet | © OpenStreetMap contributors © CARTO
[ ]
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Data Extraction Process

100440 - Ellsworth at 6th-Data Extraction Formxlsm - Excel

Insert Page Layout Formulas Data Review View Developer Help Q Tell me what you want to do
o % (-] [ )
\ e o - ' — | P ~ ab < [ =] [=4
D B - lTlmes New Roman Hﬂ ’ A A = o/ e ¢ Wrap Text lGeneraI l ‘),J &.‘ =5 EBx E]

Paste | I U~ v | S v | = = €& 3= Merge & Center ~ $ v 9% s <3 g8 | Conditional Formatas Cell Insert Delete Formal

- ¥ = = - === £ Merg S Formatting ~ Table ¥ Styles ~ v v v
Clipboard = Font Y Alignment Y Number Y Styles Cells

N1 Y Je

A B
1 |Intersection ID 100440
2 |Intersection Name Ellsworth at 6th
3 |Crosswalk Name
4 ;Direction of travel
5 Crosswalk user type Pedestrian
6 ‘Number of users 1
7 Date 2022-06-22
g |Timestamp 1
g Timestamp 2
10 Notes
1 ‘
12 =
= Submit
14|
15|
16 |
17 |
18|
19 |
20 |
Form | Stored data | ) [«]

Ready P23 (& Accessibility: Investigate

15
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Data Extraction Process

A A g
1 Intersection ID 100440
> Intersection Name Ellsworth at 6th
3 |Crosswalk Name -
4 Direction of travel Sc:uth
5 Crosswalk user type East
6 Number of users 1
7 Date 2022-06-22
g Timestamp 1
g Timestamp 2
10 Notes
1
12
13
14
A A g
1 Intersection ID 100440
> Intersection Name Ellsworth at 6th
3 Crosswalk Name
4 Direction of travel 1 ——
J icermsk e 70 Pedestian |
6 Number of users erl.m
Wheelchai
T T
g Timestamp 1 gt?:tr“
g Timestamp 2
10 Notes
1
12
13
14

Portland State

UNIVERSITY

SIATE | UtahStateUniversit
1A | UtahStateUniversity

4 A £
1 Intersection ID 100440

> Intersection Name Ellsworth at 6th
3 |Crosswalk Name

4 |Direction of travel

5 Crosswalk user type S<--N

6 Number of users ::w

7 |Date 2022-06-22

g Timestamp 1

g Timestamp 2

10 Notes

1

12

13

14

4 A

1 |Intersection ID 100440

2 |Intersection Name Ellsworth at 6th
3 |Crosswalk Name

4 Direction of travel

5 |Crosswalk user type Pedestrian

6 Number of users 1

7 |Date 2022-06-22

g | Timestamp 1

g | Timestamp 2




Data Extraction Process

2022-06-06 1:25:44 PM

2022-06-06 1:25:36 PM

Sy

i
Portland State SIAIS | UtahStateUniversity v



Validation Process

B < D E F
1 | IntersectionID | Intersection Name | Crosswalk Name | Direction of travel | Crosswalk user type
2 100412 OR224 at Springwater) East N-->§ Pedestrian
: " lo0i12 jorazsusprngated S | Eow | Bioyle |
4 100412 OR224 at Springwater| East N-->§ Bicycle
3 100412 OR224 at Springwater| East N<--§ Bicycle
6 100412 OR224 at Springwater| East N-->§ Pedestrian
7 100412 OR224 at Springwater| South E<--W Pedestrian
¢ " l00i12 Jorosarspringwte] s | Eow | Peteswin |
9 100412 OR224 at Springwater) South E<--W Pedestrian
10 100412 OR224 at Springwater| South E-->W Pedestrian
1 100412 OR224 at Springwater| East N<--§ Pedestrian
12 100412 OR224 at Springwater) East N-->§ Pedestrian
13
14 100412 OR224 at Springwater) South E<--W Pedestrian
15 100412 OR224 at Springwater| South E<--W Pedestrian
16 100412 OR224 at Springwater| South E-->W Pedestrian
17 100412 OR224 at Springwater| South E-->W Pedestrian
18 100412 JOR224atSpringwate  East | N> | Pedestrian |
19 100412 OR224 at Springwater) South E<--W Pedestrian
20 100412 OR224 at Springwater] East N<--§ Pedestrian
21 100412 OR224 at Springwater| South E<--W Pedestrian
22 100412 OR224 at Springwate: Pedestrian
23
24 100412 OR224 at Springwater| East N-->§ Pedestrian
25 100412 OR224 at Springwater) East N<--§ Pedestrian
26 100412 OR224 at Springwater) South E-->W Pedestrian
27 100412 OR224 at Springwater| East N-->§ Pedestrian
2 100412 [OR224atSpringwate]  South [ E>W [ Pedestiin [
29 100412 OR224 at Springwater| East N<--§ Pedestrian
30 100412 OR224 at Springwater| East N=<--§ Pedestrian
31 100412 OR224 at Springwater) South E<--W Pedestrian
32 100412 OR224 at Springwater| South E-->W Pedestrian

| Form | Stored data ®

Portland State

UNIVERSITY

SIATE | UtahStateUniversi
3°) | UtahStateUniversity

As soon as the data extraction is
finished for each intersection,
5% (at least 10 records) of the
data is double-checked by
someone other than the person
collected the data.

If systematic problems are
observed, further validation
was carried out.

18



Descriptive statistics

* Total people counted
* 35,767 pedestrians
* 5,032 people bicycling
* 449 people on scooters

e 278 people on
skateboards

* 233 people in
wheelchairs

* 84 other crosswalk
users (e.g., OneWheel)

41,843 users

IIIIIIIIII

* People counted, by
intersection
* Minimum =5
(signal 100770, OR 201
& Washington, Ontario)

* Maximum = 2,649
(signal 201026, Going &
Interstate, Portland)

* Mean = 658
e Median = 388



350

300

250

200

150

100

Pedestrians (PED) from observed videos

50

Pedestrian signal data collection in Oregon (final, 2023-05-09)

PED =  Only pedestrians (PED), walking under own power

s

‘:- TX3 T
T [ LLLLLERRS
[ [ [ [ [ | [
0 10 20 30 40 50 60

Pedestrian push-button data (A90C) from traffic signals

N = 8,620. Each observation represents one hour at one crosswalk at one signal.

[ |
Portland Stat TA iversi 20
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350

300

250

200

150

100

50

Pedestrians (PED+SKATE+WHEEL) from observed videos

Pedestrian signal data collection in Oregon (final, 2023-05-09)

UPED = Pedestrians + skateboard + wheelchair users

(same as was used in Utah study)

&

0

N = 8,620. Each observation represents one hour at one crosswalk at one signal.

Portland State

UNIVERSITY

UL
UL "
I I

| | I
10 20 30 40

Pedestrian push-button data (A90C) from traffic signals

SIATE | UtahStateUniversi
- tahStateUniversity

I
50

60
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Pedestrian signal data collection in Oregon (final, 2023-05-09)

350
@ TOTAL = All crosswalk users:
S 200 Pedestrians + Bicyclists + Scooter users
-
b5 + Skateboard users + Wheelchair users
=
S 550 - + Other users (e.g., OneWheels)
0
o
£
S
=200 -
—
<
o
= 150 -
w
S
< 100 -
©
=
w
S 50
2 . : 1 "0 i $ i
< , . |
ST
| [

I | I I I
0 10 20 30 40 50 60

Pedestrian push-button data (A90C) from traffic signals
N = 8,620. Each observation represents one hour at one crosswalk at one signal.

Portland State E"AEE UtahStateUni i
a5 tahStateUniversity

UNIVERSITY
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Time-of-day distribution(s), by hour-of-day

0.20 1

0.154

0.10 1

Percent of daily total

0.054

0.00 4

Portland State

UNIVERSITY

5 10 15
Time-of-day

SIATE | UtahStateUniversit
1A | UtahStateUniversity
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Data analysis principles

Accurate

e Predicts pedestrian
volumes with low error
and little-to-no bias
(under/over-predict).

Simple

e Uses few inputs that are
readily available and
easily and consistently
calculated.

Generalizable

e \Works just as well on
out-of-sample data, from
different places and/or
times.

Intuitive

e Variables and
relationships have a
straightforward and
logical interpretation.

24



Data analysis principles

Accurate

e Measure quantitatively:
Loglikelihood, LR Test, R?,
Correlation, AIC, BIC, AlCc,
RMSE, MAE, SMAPE, and
MASE.

Simple

e Use only one signal-related
independent variable, and a
few model segmentations.

W
PortlangiN I§Etka}£§ @ UtahStateUniversity

Generalizable

e Use a 10-fold cross-validation.
(90 % train vs. 10% test) x 10
times.

e Compare to Utah.

Intuitive

e Must be able to easily explain
results that make sense to
everyone.

25



Data analysis approach

* Units of analysis
 Time: 1 hour*
e Space: ped phase # (1 crossing at 1 signal)*

* Dependent variable (DVs)

e “Pedestrian” crosswalk crossing volume (count of users)
* PED (PED only)
e UPED* (PED+SKATE+WHEEL)
 TOTAL (all crosswalk users)

[ | * :
Portl TA —— Also used in Utah study.
ortland State SIATE | UtahStateUniversity
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Data analysis approach

* Independent variables (IVs)
e Pedestrian signal activity measures
e A45: # pedestrian call registered (event code 45)

* A45A/B/C: # pedestrian actuations (imputed)
* A45A: # times 90 after 0 or 22
 A45B*: # times 90 after 0 or 21
e A45C: # times 90 after O

» A90: # pedestrian detector on (event code 90)

* A90A/B/C: # unique pedestrian detections (imputed)
* A90A: # 90s at least 5 sec apart

* A90B: # 90s at least 10 sec apart
e A90C*: # 90s at least 15 sec apart

[ | * :
Portl TA —— Also used in Utah study.
ortland State SIATE | UtahStateUniversity
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Data analysis approach

* Functional forms (FFs)
 Accommodate non-linearities in relationships

* Candidate models: Linear, Piecewise, Quadratic, Cubic,
Exponential, Power.

* Included intercept in all the models

* Model segmentation/interactions (Sls)
 RECALL*: Pedestrian recall

CYCLEQ90*: The average cycle length > 90 seconds

CYCLE120: The average cycle length > 120 seconds

PEAKAM: AM peak hours (7 and 8 AM)

PEAKPM: PM peak hours (16 and 17 PM)

PEAKAMPM: Both the AM & PM peak hours

[ | * :
Portl TA —— Also used in Utah study.
ortland State SIATE | UtahStateUniversity
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Data analysis approach

* Model segmentation/interactions (Sls) (continued...)
* OVERNIGHT: HOUR =21, 22,23,0,1,2,3,4,5
e WEEKEND: DAY = Sat & Sun

ODOTREG: ODOT Region:

e 1: Portland Metro, 2: Willamette Valley and North Coast,
3: Southwestern Oregon, 4: Central Oregon, 5: Eastern Oregon)

PLACETYPE3: ODOT place type, and combined into 3 categories:

* Low or non-MPO: Rural, Rural Near Major Center, MPO Low Density,
Isolated City, City near Major Center;

* Medium MPO (MPO Residential, MPO Employment); and
* High MPO (MPO Mixed Use, MPO TOD)

TRANSITAC: any transit stops (within 400 m)
TRANSIT8C: any transit stops (within 800 m)
EDTOTAL4C: any educational institutions (within 400 m)
EDTOTAL8C: any educational institutions (within 800 m)

IIIIIIIIII



Data analysis approach

e Model validation

» K-fold cross-validation, splitting the dataset into 10
sections
* 90% training dataset, 10% testing dataset

 Random selection of signals
* Each fold consists of 6-7 signals data

e Goodness-of-fit measures:

* Log-likelihood, likelihood ratio test, R?, correlation, AIC, BIC,
and AlCc.

* Accuracy measures:
 RMSE, MAE, SMAPE, and MASE.

[
5

Portland State -TA‘IEE ‘ UtahStateUni i
_» tahStateUniversity

IIIIIIIIII



Sequential Search Process

Portland State

UNIVERSITY

Step 1
S DVS 10-fold
-fo
v
5 FFs

DVs: Dependent variables
IVs: Independent variables
FFs: Functional forms

Sls: Segmentation/Interaction variables
CV: Cross-Validation

Selecting the
best models

*** Please refer to previous slides for the
full list of the DVs, 1Vs, FFs, and Sls.

N

Selecting the
best models

______________________________________

10-fold
Cv

y

Selecting the
best models

______________________________________

éi'll'A'lle UtahStateUni i
g1 ahStateUniversity
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Step 1: DVs, Vs, FFs

* 3 Dependent variables (DVs)
 PED, UPED*, TOTAL

* 8 Independent variables (1Vs)
 A45, A45A, A45B*, A45C, A90, A90A, A90B, A90C*

* 5 Functional forms (FFs)
* Linear, Piecewise®, Quadratic*, Cubic, Power

[ | * :
Portl TA —— Also used in Utah study.
ortland State SIATE | UtahStateUniversity
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Results for Step 1

Validation statistics using the hold-out validation data*

078 0.78 0.80

\ 540 g o7

078 0.78 0-80

5.43 5.43 552

\%
Qs
<0

Error
= N w ES (2}

o

mmm RMSE - s MAE SMAPE mmm MASE —e—COR

* Higher is better for “COR”, and lower is better for the rest of the statistics

Q Q
& &
AMENS

UNIVERSITY

[
Portland State S@F UtahStateUniversity
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Step 2: DVs, Vs, FFs, and Sls

* 3 Dependent variables (DVs)
 PED, UPED*, TOTAL

2 Independent variables (1Vs)
 AA5B*, A90C*

* 3 Functional forms (FFs)
* Piecewise*, Quadratic*, Cubic

* 14 Segmentation/interaction variables (Sls)

* RECALL, CYCLEO90, CYCLE120, PEAKAM, PEAKPM,
PEAKAMPM, OVERNIGHT, WEEKEND, ODOTREG,
PLACETYPE3, TRANSITAC, TRANSIT8C, EDTOTALAC,
EDTOTALSC

L — * Also used in Utah study.
@ Portland State B{IL-J\}I% ‘ UtahStateUniversity Y
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Results for Step 2

Validation statistics using the hold-out validation data*

Error

0.8

0.7

0.6

0.5

0.4

0.3

0.2

Correlation

UPED ETOTAL A45B E A90C Piecewise: Quadratlc Cubic

mmm RMSE s MAE SMAPE -MASE —e—COR

* Higher is better for “COR”, and lower is better for the rest of the statistics

UNIVERSITY

[
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Results for Step 2

Validation statistics using the hold-out validation data*

8

Juussmmn l ---------- FuEEERERE d SEEEEEEEE a
7 0.83 1 0.84 : :0.84
6 ! 551 ;; : :
5 f162

Error
o [N N w o
—
1, I —
I
%, ———
I
2, I ——
I
T ——
I
T
I
s I ——
J—
__
- —
I
T
_ Emmm
__

,\Q‘
> R R %V@ QQ’QN $<</ OQ Q\}* &QY &QY
pwm RMSE o MAE SMAPE mmm MASE —e=COR

* Higher is better for “COR”, and lower is better for the rest of the statistics

UNIVERSITY

[
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Step 3: DVs, 1Vs, FFs, and Sls

* 3 Dependent variables (DVs)
 PED, UPED*, TOTAL

* 1 Independent variables (1Vs)
 A90OC*

* 1 Functional forms (FFs)
* Quadratic*

* 5 Segmentation/interaction variables (SIs)
* RECALL, CYCLEO090, PLACETYPE3, EDTOTALA4C, No SI

[ | * :
Portl TA —— Also used in Utah study.
ortland State SIATE | UtahStateUniversity
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Results for Step 3

Validation statistics using the hold-out validation data*

8
0.86 0.86 0.87 0.88 0.87
7 P ® =—C— — ®
6
5.082
5 4.757
24
w
3
2
1
; N N | B B
None RECALL CYCLEO90 PLACETYPE3 EDTOTALA4C
wm RMSE  mm MAE SMAPE mmm MASE —e=COR

* Higher is better for “COR”, and lower is better for the rest of the statistics

UNIVERSITY

W
Portland State @ ‘ UtahStateUniversity
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Results for Step 3

RECALL CYCLEO090
Segment Segment
FALSE FALSE
anon TRUE 300 TRUE
E 200 E 200
8 8
3 3
Qo Q
100 100
o 0
D 2 40 &0 0 20 40 &0
SignalActivity SignalActivity
PLACETYPE3 EDTOTALA4AC
Segment Segment
Low or noR=-MPCO FALSE
00 Medium MPD 00 TRUE
High MPO
E 200 E 200
8 8
& 3
100 100
0 D
0 20 an &0 0 20 40 &0
SignalActivity SignalActivity

[ * :
Portl TA — Also used in Utah study. 39
ort anﬁiN §Et£.t§ SIUTEI. UtahStateUniversity



Results for Step 3

* Why not to move forward with Sls?

No large difference in model’s predictions
Simplicity and interpretability of the results
Lack of longevity and transferability

No guarantee that these factors will remain the same in
future years

[ ]
T
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Final results: recommended models

* 3 Dependent variables (DVs)
 PED, UPED*, TOTAL

* 1 Independent variables (1Vs)
 A90OC*

* 1 Functional forms (FFs)
* Quadratic*

* No Segmentation/interaction variables (Sls)

[ | * :
Portl TA —— Also used in Utah study.
ortland State SIATE | UtahStateUniversity
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Results for Step 3

DV N R? COR RMSE MAE SMAPE MASE

TOTAL 8,546  0.7580 0.8628 4.7566  2.3990 0.9412  0.8027
UPED 8,546  0.7308 0.8339 4.7628 2.3328 1.0165 0.8517
PED 8,546  0.7278 0.8311 4.7697 23288 1.0229 0.8602

TOTAL = All crosswalk users:

500 Pedestrians + Bicyclists + Scooter users + Skateboard users + Wheelchair users + Other users (e.g., OneWheels)

Outcome
N
o
o

100

SignalActivity

42
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Outcome

ORvs. UT

* How does Oregon data compare to Utah data?

Oregon

0 20 40 60
SignalActivity

IIIIIIIIII

State

QOregon



ORvs. UT

* How does Oregon data compare to Utah data?

State
Utah Utah

Outcome
(¥, ]

0 20 40 60
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ORvs. UT

* How does Oregon data compare to Utah data?
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ORvs. UT

 Validation statistics for models estimated on Oregon and Utah data

Data Model COR RMSE MAE SMAPE MASE
Oregon  Oregon 0.8706 4.7477 2.3028 0.9456 0.7760
Utah 0.8680 5.0195 23746 1.0321 0.8002

Utah Utah 0.7685 14.8584 3.7847 1.1557 0.9500
Oregon 0.7673 14.9890 3.7442 1.0916 0.9398

Portland State g"
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Conclusions

* Pedestrian pushbutton actuation data can be used for deriving
pedestrian volumes at signalized intersections

* The recommended model demonstrated remarkable accuracy and
generalizability, considering its simplicity

Dependent variable (TOTAL) is the total of all crosswalk users

Independent variable (A90C) is an imputed version of pedestrian
detections using a 15 sec filter

Quadratic form, R?value of 0.76

The model’s predictions were strongly correlated (0.86) with observations
in 10% hold-out samples

Model’s average absolute error (MAE) was +2.4 pedestrians per hour.

* Tests of transferability were promising and indicate that the model
may be transferable to locations without similar data

Portland State
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Limitations

* Potential challenges associated with push-button data include data
loss or corruption arising from equipment malfunction or
communication issues

* The difference in signal operation limits the availability of push-
button data

* The higher error observed when estimating high pedestrian
volumes suggests that the model could benefit from more data
collected at such locations to improve its accuracy

e |t should also be noted that the seasonal differences in actuation
and pedestrian volumes have not been explored yet
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Recommendations

e Continuously archive pedestrian pushbutton actuation data as part

of an ATSPM system to generate pedestrian volumes and other
performance measures

 |f storage of raw data becomes an issue, larger time bins (e.g., 15-min)
can be considered

* Perform regular validation of model outputs at a few locations to
ensure model accuracy
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Future work

Investigate the source of errors during transferability and devise methods to
mitigate them.

Replicate study in other regions of the U.S. to understand the impact of regional
variations.

Investigate the impact of seasonal variation on pedestrian volume estimation.

Explore the role of potential factors in pedestrian volume prediction, such as
land uses, the built environment, roadway design, and weather.

Investigate alternate methods of processing traffic signal controller log events.

Explore the use of outlier detection techniques and missing data imputation
methods to improve data accuracy.

Investigate other statistical and machine learning models.

Investigate the transferability of these pedestrian volume models to other
jurisdictions.

Explore how frequently should these models be re-estimated and under which
circumstances.
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