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14 HOUSING—BLOCK STATISTICS

Table 3—CHARACTERISTICS OF HOUSING FOR CENSUS TRACTS BY BLOCKS: 1940—Con.
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* 1940-1970.

« Tens of thousands+ of scanned pages of tables
and maps.
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What's in it? What's it good for?

Tenure, occupancy, structure age and condition,

rents and values, race of occupants. Studies of housing investment and maintenance

All houses, not just occupied ones. and long-run urban dynamics.

High level of spatial detail: Usually, a city block. : o
gn eV patl - osuaty, a clty bloc Studies of policies and processes that occur at

Small size (Pop. ~50 vs ~4,000 for ED/Tract). extremely localized spatial scales.

Coverage of large section of cities over time.

Studies of many cities, or a single city’s history.

191 cities in 1940 - All 1970 urbanized areas.

Federal Reserve Bank of Philadelphia 6
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L ocalized Processes
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* Residential segregation in South
Philadelphia, 1970 at Census Tract scale

~ fips_tract 0030
~ population 9758
pct_black 28.2% /
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fips_tract 0041

population 17437
| pct_black 16.1%

Percent of

population Black
No Pop 0 2.5 25
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Localized Processes
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* Residential segregation in South
Philadelphia, 1970 at Census Block scale &
ve

Percent of
population Black
125 25 2§ b 50 62.5 75 ;
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Tracts

Localized Policies 7

Runner-up design

 “Expecting an Expressway” (Brinkman, II
Lin & Mangum). .-
=~ -

* Two proposed routes for the . ‘
Crosstown Expressway in South .5

Philadelphia.

Difference in differences
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Our Goals

\
-
] \
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4 = B_oston

- Block data for 16 cities, 1940-1970.
NGNS A - Training and validation data.
N - Code and methods.

Freely distributed for use and re-use.
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Digitizing Block Statistics
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3 Tasks, 3 Pieces of Data

m Segmenting Block Shapes from Maps

2 Situation

3 Statistics
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Unfortunately, This Process Fails Spectacularly
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Can We Handle the Noise?
: I 1 | <] | | B

17

Many blocks have
unlikely shapes & sizes a
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How can we remove
tract identifiers?

Federal Reserve Bank of Philadelphia 20



Traditional Method 1: Matching Large Shapes

Issues

« Arbitrary Rotations, Inconsistent
Scale, Shape, and Font,
Noise/Interference from other
features.

Low-confidence matches

 |f we accept low confidence matches
of enough templates, everything
starts to look like a tract identifier.

» Especially problematic with blocky
characters like 1 and E.

Federal Reserve Bank of Philadelphia 21



Traditional Method 2: Matching Patterns

« Sometimes speckled
* Sometimes no fill
* Block boundaries still a problem
« Sometimes inked
E 2 o

&2

AN NN 2V ]

A1)
L4820

i
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Current Work: CNN

More holistic

« Consider properties of block boundaries
as well as properties of tract identifiers.

* Focus on identifying block boundaries,
not removing tract identifiers.

More flexible

« Can learn more patterns than we can
with shape template matching.

« Can address partial shapes.

« Important because of intersections
between boundaries and identifiers.




Simulated Map
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Training Mask

Creating
Training Data

« Hand annotations are

expensive; Simulating maps
IS cheap.

« Sample 1990 Census block

and tract boundaries from
NHGIS.

« Sample tract and block

identifiers from real 1940
maps.

 Randomly assign speckle
density to tract identifiers.

Federal Reserve Bank of Philadelphia
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Can the model trained on simulated
maps generalize to real ones?

Federal Reserve Bank of Philadelphia 25



PART 8 ADJOINS

PART 3 ADJOINS

BLOCK NUvesng
TRACT MUNBEND
TRACT BOUNDAMIES

UG DDPARTMENT OF COMMERCE, GLMNEAL ©F THE CANSUS







What's Next?

Model and training improvements
» Better simulated maps.

* Augment with hand annotations.

Add more steps
* Inpainting lines erased by CNN.
e Suggestions?




And Now For Something
Completely Different

(1970 maps)

CAMDEN

Promises
« Tract boundary segmentation is somewhat easier.

Pitfalls

«  Which block is this? Block identifiers are
inconsistently located, look like street names.

« Too much detail: Block boundaries look like streets.
* "Fishhooks” are important and omnipresent.

Our current approach

« We are relying on hand annotations for training and
validating CNN.




3 Tasks, 3 Pieces of Data

1 Shape

2 Situation Geo-Referencing Maps

3 Statistics



Just Keep Clicking &

4
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A Georeferenced Map @

We know where this picture goes now!

But...

 Sloooooooow.

Only 3 points doesn’t handle map inaccuracies well.

« Doesn’t match (blue) reference NHGIS shapefile.

Federal Reserve Bank of Philadelphia 32




How Can We Get Better?'#

* Faster!
« We want to process many maps.
* More accurate!

* How much of this can a computer do for us?

Federal Reserve Bank of Philadelphia 33




Simplifying the Problem % &

|
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| still remember
where | am in the
WWelglel

How Hard Could This Bg?

\\ /

| still remember the T =
block boundaries!
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| still remember
where | am in the
WWelglel

How Hard Could This Bg?

\\ /

| still remember the T =
block boundaries!
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The Basic Steps ¥ R

1 Make guess Randomly select internally consistent links.

Evaluate
guess

For selected links, how much do maps overlap?

Keep best guess.
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3 Tasks, 3 Pieces of Data

1 Shape

2 Situation

! Statistics Digitizing Tables



Scale and Scope of Problem
* 1940, 1950, and 1960 Census of Housing, Block Statistics (1970 is digital)

» Sixteen Target Cities

New York City * Detroit * Washington, DC * Houston
Chicago « Baltimore « Boston « Cincinnati
Philadelphia « Cleveland * San Francisco  Columbus, OH
Los Angeles « St. Louis « Pittsburgh « Atlanta

Federal Reserve Bank of Philadelphia 44



Scale and Scope of Problem
* 1940, 1950, and 1960 Census of Housing, Block Statistics

» Sixteen Target Cities

 New York City * Detroit * Washington, DC * Houston

« Chicago « Baltimore « Boston « Cincinnati

« Philadelphia « Cleveland * San Francisco  Columbus, OH
 Los Angeles « St. Louis « Pittsburgh « Atlanta

« ~2,000 pages of tabular data, ~170,000 blocks, ~2.5 million cells per
decade

» Structured, tabular form, with rows and columns properly associated and
with accuracy better than 99%

Federal Reserve Bank of Philadelphia 45



Bottom Line Up Front

* Four stage process
* |solate table and each column
* First pass with Tesseract
 Algorithm to structure table

« ML model to correct errors in OCR
e Great results

« Approach only makes sense if dataset is large and consistent

Federal Reserve Bank of Philadelphia 46



Bottom Line Up Front (1950)
e Custom Solution
 0.07% Observations with Error

 0.03% Character Error Rate

Federal Reserve Bank of Philadelphia 47



Bottom Line Up Front (1950)

« Custom Solution
* 0.07% Observations with Error
* 0.03% Character Error Rate

- Data Entry

* 0.12% Observations with Error
* 0.13% Character Error Rate

« Tesseract (with assist with table structure)
* 12.94% Observations with Error

o« 7.24% Character Error Rate

Federal Reserve Bank of Philadelphia 48



Why Not Use Out of The Box Solutions?

Federal Reserve Bank of Philadelphia 49



Why Not Use Out of The Box Solutions?

 Adobe:

=dwelling =
s one-dwelllncs
turel
cwm'”t Block CenT Block
Average tract Ay,
value value
(dollars) (dollan)
10-e 11| 4.425
10-8 11 4435
13 11-2A 12| 7.288
15§ 1l-2 15 2.15 0
6 8
17| 8iso 12-2 16| 6366
18 17| 5,900
19 s| 9.s0 0
a9 15| 8,637
23 og| €-423
«.J5 7
33 2]. -
34 6.366 22| 5-87 5
25 5900 23 .26l
-4 24| 5.34 s
29 25 5,166
:;2 26 4.80 0
33 gl 7.800
34 29| €.000
JO 31 4.00 ©
e 32| 4,125
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Why Not Use Out of The Box Solutions?

 Adobe:

=dwelling =
s one-dwelllncs
turel
cwm'”t Block CenT Block
Average tract Ay,
value value
(dollars) (dollan)
10-e 11| 4.425
10-8 11 4435
13 11-2A 12| 7.288
15§ 1l-2 15 2.15 0
6 8
17 | 8iso 12-2 16| 6366
18 17| 5,900
19 s| 9.s0 0
a9 15| 8,637
23 og| €-423
«.J5 7
33 2]. -
34 6.366 22| 5-87 5
25 5900 23 .26l
-4 24| 5.34 s
29 25 5,166
:;2 26 4.80 0
33 gl 7.800
34 29| €.000
JO 31 4.00 ©
e 32| 4,125
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Why Not Use Out of The Box Solutions?

» Adobe: Bad character recognition, relation of rows lost

=dwelling =
s one-dwelllncs
turel
Cwmlu‘ Block CenliN Block
Aml tract Ay,
value
(dollars) (dollan)
4 425
10-8 11 4435
12 11-A 7.288
1§ - 8.15 0
16 7288 6.366
12-A -
i; 8450 3,900
19 s[ 9.s0 0
51 19| €,6 343
23 og| €-423
23 21 «4.J5 7
34 6.366 22 9-87 5
25 5900 23 4.261
-4 24| 5.3¢ 5
39 25 5,166
30 26| 4.0 0
31 "
33 gl 7.800
34 29 6.0 0 0
JO 31 4.00 ©
e —— 32| 4,125

Federal Reserve Bank of Philadelphia 52




COVETOrOONY

VoOMOONMNND

'
= NNYVOYTRE-00MN NOTrVNRON
o mm VQRQQRYMHT VYRR QM Y v
m OO0Vt OO ONOSM®O®
.m <" 3 B
B MR EHORDOOVMN OOOOMNPVHO
wm (1A 1A d o falyv i vTaaMmaaaNnem
- oz
) TOMNMNOMNNO © NRoODMN M
> T NMNQNERQ « NN MEXe
M 1 CTMNDODOYTYN M OO~NMNONVY
mm CECVMIYY I TNTEYTTYY
M AYNOPMVNY O ONTMNMOAVY
% TMINM = - NN e m -t

non-
hite

e
w

NT T

HNE NN - R

oM~ OOVNTN
OO~ OETO

necETORrA~OH
novr~rOTTw

Ocoupied dwelling units
Persouns per
room
51
or
more

DO ONM~M
D~~~ OVOOVTTO

TV ARONN
nNnoVvKt-~T O
L a)

Wit Nt O

NN

Nedrded M O

NN =D

NeeTOoNOVRINNN
OOV TY

CTODOD VOO
uowvt-NeTw O

HQae O [}

™ ween

N v Nwe -

VWerO AN -O
TN =~ P

OCOoNTOOr~
HNN TN -

and tenure

NTOYMYNOWLOM
v eMeTOvTnMmen

NN
vTerMmMnnNewew

All dwelling units. by occupancy

Why Not Use Out of The Box Solutions?

46~-G

— —— ——
HOOUMOMVYNOY OYTOTON

M oo~ OVUITNY VMOV~ UNTVY
3 i : :
mm DOV DODAOMNT VUMD ~AN
R m HE el QN Mm
d 5
o




Why Not Use Out of The Box Solutions?
» Textract: when it works it works!
« 1.5% error rate, 0.22% ignoring cell alignment errors (stats for this page only)
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Why Not Use Out of The Box Solutions?

 Textract: when it doesn’t work...
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it doesn’'t work! Small input tweaks do not fix error.

Why Not Use Out of The Box Solutions?

 Textract: when it doesn’t work...
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Why Not Use Out of The Box Solutions?

 Textract:
« Sample Size: 169 Pages
« Catastrophic Failures: 45
* Moderate Failures: 6
* Unacceptable page level error: 30%

« Small errors in table layout can be algorithmically corrected, catastrophic failures cannot
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Method

* |solate table

* |solate columns

» Tesseract columns

» Structure into table

* Match to labeled data

 Train model to correct Tesseract errors
 Visualize and correct issues throughout

* Final check for internal consistency and vs tract

Federal Reserve Bank of Philadelphia 60



Isolate Table Body, Straighten Image

20 City Block Characteristics
Table 2.— CHARACTERISTICS OF HOUSING UNITS, BY BLOCKS: 1960 — Con,

{“Total population” contains no persons in group quarters unless preceded by asterisk: one asterisk (*) denotes less than 10 percent:
two asterisks (**), 10_percent or more| !

All housing units by condition and plumbing Occupied housing units —
Sound Deteriorating Owner occupied Renter occupied I
Blocks : -
within | 1o With | Lack- With Lacking Aver. 10
census Fo[;i)u all ing all “‘;.mfl.c'f all Dilap- age Average Aver- OC:d“ or
tracts ation Tota] T plumb- some . ph""l)_ acilities idnled . Avcragv num- can- age pé more
otal ing | orall | Total ing - Total value b Total | tract | tum-| by | par
: : : With No (dollars) v ber | non- | sons
facil- | facil- facil- flush flush ' of 1";1" ' of | white | pe
ities ities itics toilet wilet YOOmS (dollars) rooms oom
S
2less 30 9 8 8 ver 1 1 “es *ue "o 6 3500 5.3 3 ves .
22+ 87 28 22 22 vee é 1 8 cee “os 14 6000 Tel 12 43 "‘:i erel ey
2344, 124 44 34 30 4 9 4 vee S 1 22 6000 740 16 28 5.3 e 3
-2 T *%120 35 26 24 2 ? 9 tee “es s 20 4500 Tl 12 40 -q:u the 1
25444 247| 58 38l 38| wes| 150 14 L] ewel 2] w1 50000 7es| 11| oa7| siel ] 2
2640 145 40 25 250 aee 10 9 1 ves 5 28 5000| 649 8 39| swo| ‘"t 3
27004 85 20 12 12]  wee 7 7| ees ves 1 16|  5000| 7.0 Bl wea| wea| M3
28a4s 21 7 2 2 tee 5 5 “ee X tes 1 XY oy i e -:: o :
2940 14 1} tes aee e tes XX "ee e 'y “re tee ten e e . e 2
30ass 51 13 12 12 et 1o s see serv 1 9 4000 5.9 2 .es ": :n u;
N AL
Jlase 18 4 cee “ee wee ten ves e e see see ‘e vee veo ces ces
Sevs 10 y sen s sen e “ee sve cne vres ‘e ced ens ves .es : el wee
35w 9 2 oo o e tee wes eee tae ver X cee eve cea oes .:: sl ey
3640 54 18 7 70 vee 8 Bl wes|  wes 3 5| 6500 8.4 TS TS B O i
3700 60 15 11 11 L) 4 3 1 veas ves Q 5500 746 6 37 s T} |
3844, 133 52 38 36 2 13 8 50 ees 1 31| 5000] 7.4 9 a| sl s
H3e0s 35 12 5 5 ey 4 2 1 1 3 2 v XY 5 29| 6.0 " 2
Y s us -] 4 Pew sse s ses s e vers vea tee see e vee 1ea vesn e i
Y5444 3 i “re aee v ‘e XK “ee ser ves ren XX tee tes ‘oo ese :“ ‘e e
49444 141 43 17 16 1 26 20 3 31 ees 15| 5500 8.3 21 31 we| U
500e 84 35 14 13 1 21 4 10 7| e 12|  3500| 540 15 22| u.
g b
S5lees 22 9 7 7 “ee 2 i 1 “re Xy S vee 746 1 XX .:. ::: ooy }: Bank of Philadelphia 61
18=Besas *8802 278 1 2358 2287 71 338 248 57 33 85 1823 5000 645 7
] coes| #8802 278)|| 23581 2287| 71| 338 28| 57| 33| 85| 1823 5000 6.5/ 727) wo| | | m




Isolate Table Body, Straighten Image

Pass through Textract

20 City Block Characteristics]
(Table 2. — CHARACTERISTICS OF HOUSING UNITS, BY BLOCKS: 1960—Cdn,

1| “Total population™ contains no persons in group guarters unless preceded by asterisk: one asterisk (*) denotes less than 10 percend
P o Eﬁﬂfn

UL Aas Ty b J CUTPCTCCATTO7 ulul\.=
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Isolate Table Body, Straighten Image

Find where, vertically, we go from mostly alpha to mostly numeric

.
. —
20 City Block Characeeristics|
(Table 2. — CHARACTERISTICS OF HOUSING UNITS, BY BLOCKS: 1960 —Con.
“Total population” contains no persons in group quarters unless preceded by asterisk: one asterisk (*) denotes less than 10
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Isolate Table Body, Straighten Image

Table is isolated

20 City Block Characeeristics]
(Table 2, — CHARACTERISTICS OF HOUSING UNITS, BY BLOCKS: 1960—Cdn,
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Isolate Table Body, Straighten Image

Find the rotated bounding box that contains all the body bounding boxes

20 City Block Churacteristics]
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Isolate Table Body, Straighten Image

Rotate image around center of table — image is straightened

¢ ‘ v v
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Isolate Columns
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Isolate Columns

Find everything that could be a character. Be aggressive, recall is important
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Isolate Columns

Isolate and smear (slightly horizontally, aggressively vertically) what is left
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Isolate Columns

Find (N — 1) longest lines that are nearly vertical, N=# of columns
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Isolate Columns

Columns are isolated
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Tesseract Each Row in Each Column

» Tesseract highly sensitive to input parameters, but flexible and governable
» Use restricted character set and character level confidence

» Collect character level text, bounding boxes and confidence
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Use Table’s Internal Structure to Build Rows and Columns

o Start with block column (always populated)

 Look right to find the two-way unique nearest neighbor for each row,
requiring the angle to the nearest neighbor be similar for all rows

» Create a synthetic cell for cells that do not have a nearest neighbor
conforming to angle and distances of other cells in column

» Repeat moving out left and right to cover all columns

» Create PDF of all pages to scan for errors
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Use Table’s Internal Structure to Build Rows and Columns
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Use Table’s Internal Structure to Build Rows and Columns

&
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Use Table’s Internal Structure to Build Rows and Columns
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Train and Apply Custom Model

Match cells to training data — Washington DC, Mapping Segregation

* Train random forest model at the character level

* Pixel value by position in bounding box
» Tesseract predicted text

 Tesseract confidence

Grid search with cross validation to tune hyperparameters

Apply model (out of sample) to remaining cities
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ldentify Internal Inconsistencies, Compare to Tract Totals

 Check for outliers at column level

tract

TOTAL
1=A
i1-8
1=-C
2= A
2-B
2=-C
S=A
D € < B

Make corrections easy with Excel tool

ocr

TOTAL

1-A

1-B

1-C

2-A

2-B

2-C

3-A

Internal consistency, e.g. Owner Occupied + Renter Occupied = Occupied

Compare stats to tract totals, accounting for suppression
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Caveats

* Approach requires some customization per dataset
* Manual steps remain (and probably always will)
* |dentifying unusable scans

* |dentification of page ranges in source documents (missing pages)

* Always be checking

* Tract transcription is still manual
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Current State

» Scaling work to all 16 cities for 1950

Refining issues with 1960 model

Starting 1940 work

Textract for assist with tract identifiers?

 Claude or other LLM based service for first cut?
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Summary
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Summary

We are working on digitizing the historical Censuses of Housing Block Statistics, 1940 to 1970.

Our goal: Develop & release data for 16 cities, training & validation data, and methods & code.

The three major tasks are digitizing block shapes, the block situations, and the block statistics.

This is a work in progress; Questions and comments welcome!
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Thanks!
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