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Fundamental Value of Driverless Technology  

ÅEliminates the Labor variable cost of transit service. 
ïNot that significant for vehicles serving many passengers 

simultaneously.   
ÅUnfortunately, very little travel demand is sufficiently correlated that it 

can be effectively served simultaneously 
ïFor example, the small percentage of bus users need to walk, wait and transfer 

in order to be sufficiently correlated to utilize the capacity of buses in the peak 
hours in the peak directions.  The rest of the time, they are essentially empty. 

ïVery significant for vehicles serving few if any passengers 
simultaneously 
ÅThe norm simply because there exists insufficient correlation in travel 

demand 
ïVery few people want to go from about the same place at about the same time 

heading to locations that are sufficiently correlated such that they could be 
encouraged to travel together.  

ïThe opportunity of driverless vehicles is consequently directly tied to the 
correlation of travel demand 



How Correlated is Travel Demand? 
ÅAggregate Data on Travel Patterns suggest that it is very 

uncorrelated 
ïTransit entrepreneurs and public agencies that could thrive in 

correlated situations struggle 
ïThe personal auto industry that could serve correlated trips 

thrives on serving individual trips irrespective of possible 
correlations.  
ÅEach car serves essentially only one fundamental travel demand.  If 

the vehicle happens to be occupied by more than one person, then 
ǘƘŜ ƻǘƘŜǊǎ ƛƴ ǘƘŜ ǾŜƘƛŎƭŜ ŀǊŜ ŜǎǎŜƴǘƛŀƭƭȅ άŀƭƻƴƎ ŦƻǊ ǘƘŜ ǊƛŘŜέ ŀƴŘ ƴƻǘ 
satisfying their fundamental travel demand 
ïOne person is chauffeuring the other person 
ïFamily members traveling together to satisfy a common travel purposes 
ïRarely is it two independent individuals that just happened to have correlated 

origin, origin time, and destination. 
» Thus, fundamental Av Vehicle Occupancy for the personal car is ~ 1.0 

ÅAre there independent individuals that have correlated 
travel demand that could be served simultaneously? 



Are there independent individuals that 
have correlated travel demand that 
could be served simultaneously? 

ÅExisting travel demand data is insufficiently 
precise to address this question 



aƻǎǘ ŜǾŜǊȅ ŘŀȅΧ                    

ÅAlmost 9 Million NJ residents  

Å0.25 Million of out of state commuters 

ÅMake 30+ Million trips  

ÅThroughout the 8,700 sq miles of NJ 

ÅWhere/when do they start? 

ÅWhere do they go?  

ÅDoes anyone know??? 
ïL ŎŜǊǘŀƛƴƭȅ ŘƻƴΩǘ 
ÅNot to sufficient precision for credible analysis 

 



ÅLΩǾŜ ƘŀǊǾŜǎǘŜŘ ƻƴŜ ƻŦ ǘƘŜ ƭŀǊƎŜǎǘ ǘǊƻǾŜǎ ƻŦ Dt{ 
tracks  
ïLiterally billions of individual trips,  

ïUnfortunately, they are spread throughout the western 
world, throughout the last decade.  

ïConsequently, I have only a very small ad hoc sample of 
what happens in NJ on a typical day. 

LΩǾŜ ¢ǊƛŜŘΧ                    



Are there independent individuals that 
have correlated travel demand that 
could be served simultaneously? 

ÅExisting travel demand data is insufficiently 
precise to address this question 

ÅDeveloped a trip synthesizer that generates 
sufficiently precise data to address this issue 





ÅMotivation ς Publicly available travel demand 
data do not contain: 

ïSpatial precision 

ÅWhere are people leaving from? 

ÅWhere are people going? 

ïTemporal precision 

ÅAt what time are they travelling? 
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Trip Synthesizer 

Project Overview 



Why do I want to know every trip? 

ÅAcademic Curiosity 
ÅIf offered an alternative, which ones would likely 
άōǳȅ ƛǘέ ŀƴŘ ǿƘŀǘ ŀǊŜ ǘƘŜ ƛƳǇƭƛŎŀǘƛƻƴǎΦ 
ÅMore specifically: 
ïIf an alternative transport system were available, 

which trips would be diverted to it and what 
operational requirements would those trip impose on 
the new system? 

ÅLƴ ǘƘŜ ŜƴŘΧ  
ïa transport system serves individual decision makers.  
LǘΩǎ ǇŀǘǊƻƴŀƎŜ ƛǎ ŀƴ ensemble of individuals,  
ïI would prefer analyzing each individual trip patronage 

opportunity. 



Synthesize from publically available data: 
  

ÅάŜǾŜǊȅέ bW ¢ǊŀǾŜƭŜǊ ƻƴ ŀ ǘȅǇƛŎŀƭ Řŀȅ NJ_Resident file 

ï  Containing appropriate demographic and spatial 
characteristics that reflect trip making 

 

ÅάŜǾŜǊȅέ ǘǊƛǇ ǘƘŀǘ ŜŀŎƘ ¢ǊŀǾŜƭŜǊ ƛǎ ƭƛƪŜƭȅ ǘƻ ƳŀƪŜ 
on a typical day.  NJ_PersonTrip file 

ï   Containing appropriate spatial and temporal 
characteristics for each trip 



Creating the NJ_Resident file 

 ŦƻǊ άŜǾŜǊȅέ bW ¢ǊŀǾŜƭŜǊ ƻƴ ŀ ǘȅǇƛŎŀƭ Řŀȅ 

NJ_Resident file 

 

Start with Publically available data: 



2010 Population census @Block Level 

ï8,791,894 individuals distributed 118,654  Blocks. 

 County Population Census Blocks Median Pop/ Block Average Pop/Block 

ATL          274,549             5,941  26 46 

BER         905,116          11,171  58 81 

BUR          448,734             7,097  41 63 

CAM          513,657         7,707  47 67 

CAP            97,265             3,610  15 27 

CUM          156,898             2,733  34 57 

ESS          783,969             6,820  77 115 

GLO          288,288             4,567  40 63 

HUD          634,266             3,031  176 209 

HUN          128,349             2,277  31 56 

MER          366,513             4,611  51 79 

MID          809,858             9,845  50 82 

MON         630,380          10,067  39 63 

MOR          492,276             6,543  45 75 

OCE          576,567          10,457  31 55 

PAS          501,226             4,966  65 101 

SAL            66,083             1,665  26 40 

SOM          323,444             3,836  51 84 

SUS          149,265             2,998  28 50 

UNI          536,499             6,139  61 87 

WAR          108,692             2,573  23 42 

Total   8,791,894     118,654    74.1 



Publically available data: 

ÅDistributions of Demographic Characteristics 

ïAge 

ïGender 

ïHousehold size 

ïName (Last, First) 

 

 

Ages (varying linearly over 
interval): input: output: 

[0,49] 67.5% 67.5% 

[50,64] 18.0% 17.9% 

[65,79] 12.0% 12.1% 

[80,100] 2.5% 2.5% 

Gender: Input: Output: 

female 51.3% 51.3% 

Household: Size: Probability: cdf: Expectation: 
couple 2 0.30 0.300 0.6 

couple + 1 3 0.08 0.380 0.24 
couple + 2 4 0.06 0.440 0.24 
couple + 3 5 0.04 0.480 0.2 

couple + 4 6 0.04 0.520 0.24 
couple + grandparent: 3 0.01 0.525 0.015 
single woman 1 0.16 0.685 0.16 
single mom + 1 2 0.07 0.755 0.14 
single mom + 2 3 0.05 0.805 0.15 
single mom + 3 4 0.03 0.835 0.12 
single mom + 4 5 0.03 0.865 0.15 
single man 1 0.12 0.985 0.12 
single dad + 1 2 0.01 0.990 0.01 
single dad + 2 3 0.005 0.995 0.015 
single dad + 3 4 0.005 1.000 0.02 
        2.42 



Final NJ_Resident file 
Home County 
Person Index 
Household Index 
Full Name 
Age 
Gender 
Worker Type Index 
Worker Type String 
Home lat, lon 
Work or School lat,lon 
Work County 
Work or School Index 
NAICS code 
Work or School start/end time 

ATL  274,549 
BER  905,116 
BUR  448,734 
CAM  513,657 
CAP  97,265 

CUM  156,898 
ESS  783,969 

GLO  288,288 
HUD  634,266 
HUN  128,349 
MER  366,513 
MID  809,858 

MON  630,380 
MOR  492,276 
OCE  576,567 
PAS  501,226 
SAL  66,083 

SOM  323,444 
SUS  149,265 
UNI  536,499 

WAR  108,692 
NYC  86,418 
PHL  18,586 
BUC  99,865 
SOU  13,772 
NOR  5,046 
WES  6,531 
ROC  32,737 

Total:  9,054,849 



Overview of Trip Synthesis 

1. Generate individuals comprising the population  

2. Assign workers to work places 

3. Assign kids to schools  

4. Assign tours / activity patterns 

5. Assign other trips 

6. Assign arrival / departure times 
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Project Overview 



Assigning a Daily Activity (Trip) Tour to Each Person 


