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MOT National Data 
Analysis  

 
 

1 Mobile Geo-Location 

1-1 Mobile Events 

Key Points 

If a device frequently moves across coverage areas, and the device is 
used to make numerous voice calls and text messages (especially the 
latter), then there will be a high number of geo-location events. If, 
however, a devices stays in one location and it is often powered off 
with few calls being made then there will be few geo-location events 
per day. Being on a WiFi network, for example, if a phone is taken 
home after work and joins the home WiFi, probably won't affect mobile 
event data volumes - at least, not unless there are significant 
technology changes. 

Frequency of Events 

The ability to locate devices depends on the number of mobile events 
generated. So how often are events generated and to what extent 
does that depend on the behaviour of the device user? 
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Phones can be Switched Off 

 

If a phone is switched off, or the battery runs down, then we are not 
able to work out where the device is. Note - some network events are 
recorded in the Core Network (Gen 1) LBS data even when the phone 
is inactive but they relate to the location of the tower recording the 
alleged event not the device. 

 

Minimum number of Events we can Expect 

When a device is switched on, and every 3 hours or so after that, it will 
check in with the network and an event should be recorded. Different 
events are recorded for voice compared with data: for voice there are 
Location Area Code (LAC) updates; for data there is a Routing Area 
Code (RAC) update. See 
https://en.wikipedia.org/wiki/Mobility_management. Think of it like a 
submarine poking up its periscope every so often to get its bearings. 

Moving about 

 

When devices are moving through different coverage areas there is a 
lot more network "chatter" as the device lets towers know it is nearby. 
The more chatter the better for geo-location purposes. So there are lots 
more geo-location events crossing the causeway between Te Atatu 
and Pt Chevalier than moving around inside the Queen St canyon. 
Think of it like a person moving through an alarmed house - the more 
they move around the more sensors they trip. 

 

Using WiFi at home makes you disappear from Mobile Event 
Data? 

 

No. It has been suggested that mobile devices using WiFi, e.g. at home, 
disappear from the mobile event data. This is not correct, although there may 
be some reduction of events depending on different approaches to VoLTE 
(phone calls over 4G) and different mobile device configurations. Mobile 
devices will continue to monitor the cellular network's broadcast information 
and at a minimum produce periodic and mobility-based LAC and RAC 
updates. 
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High-Tech Data Usage Means More Events? 

 

No. Events occur when activity starts and ends. So the shorter and more 
frequent the better. So "high-tech" video etc involves relatively few 
events as a pipeline is opened up for as long as possible. “Low-tech” 
SMS texts, on the other hand, generate lots of short bursts of activity 
and are especially good for geo-location. 

 

1-2 Trilateration 
 

Although we don't know where a device actually is we can use 
information from its relationship to different towers to work out where it 
probably is. The more towers we have information for, and the more 
accurate that information, the better our estimate of device location. 
In its simplest form, trilateration involves data from at least two 
antennae where we know something about the relationship of each 
antenna to our device. A probability function can then tell us the most 
likely location of our device. The two main sorts of information are radial 
distance and signal strength. When a device connects/hands-over to a 
tower, data is collected on the time delay (timing advance). Given we 
know how fast signals travel we can calculate likely radial distance. 
Devices also know the signal strength of surrounding towers. No 
connection to those towers is required to record signal strength 
because the signal is broadcast from the tower. So we usually have 
plenty of signal strength data. 
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OK - that is reasonably involved but there are further complications. 

Only One Tower (or None!) 

Rural areas do not enjoy the overlapping coverage of the major urban 
areas. If there is no coverage for an area then a device cannot be 
located at all. There are no geo-located event data points for the IMSI 
in question. If there is only one tower, then we do not know where a 
device is, only the circle on which it probably falls. Beyond knowing the 
device is on a blurry circle centred on the tower we are making a 
random choice as to where a device is. 

 

Sibling Towers 

Calculations of probable location draw upon sibling towers only. Siblings? Sibling 
tower relationships are defined to make it more efficient to find which tower a 
device is connected to (a common task in operating a mobile phone network). 
If we know where the device used to be, instead of interrogating every tower in 
the network we start by asking siblings of the tower the device was last 
connected to. More often than not we find them attached to a nearby tower. 
Well these sibling relationships are also used for trilateration. We don't try to build 
a probability function for device location based on all possible towers - the task 
is narrowed down to siblings only. What could go wrong? 
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Geolocation on Urban Mountains 

You would think that an urban mountain would be spoiled for choice in terms of 
towers available for trilateration. Which is probably because you are not an RF 
engineer. Unfortunately for our mountain-top device users, most towers 
surrounding an urban mountain are aimed at building level which is where all 
the devices are. The antennae are not wasting their strength beaming to the 
universe as a whole e.g. straight up into the sky. The signal is squashed into the 
desired direction. Nor are they typically aiming high enough to be the strongest 
signal from the mountain top. That dubious honour frequently goes to a far 
distant tower. OK - not ideal but surely we can get a bunch of remote signals 
and trilaterate from that? Not so fast - it is unlikely that multiple remote towers will 
be siblings of each other. So we will lack the data required to accurately 
trilaterate! 

 

Geolocation in Urban Canyons 

A mobile device in an urban canyon e.g. Queen Street, Auckland, might not 
contact many towers so it might not be as well located as a device travelling 
across the causeway between Te Atatu and Pt Chevalier. 

 

 

Timing Delays vs Signal Strength Maps (and targeted antennae 
MIMO) 

Trilateration in practice involves a mix of data sources to create the probability 
function of device location. And the approach taken depends on 3G vs 4G vs 
5G and the generation of geo-location algorithm used. Timing delay data is 
better than signal strength data but it is less available. Signal strength is easily 
and commonly collected whereas timing delay depends on actual network 
interaction and there is an attempt to minimise that for load reasons. 

The amount of timing advance data available depends on the number of 
connections/hand-overs to towers. 3G is special because a stationary user 
could be connected to multiple base stations at the same time (soft handover) 
– so it is significantly richer in geo-location using multiple TA measurements from 
different sites. 

3G 
We have more data on which to base our calculations (cf 4G) but error levels 
are higher. OK so we may have just 1 (60% of cases), 2 (30%), or even 3 (10%) 
timing advance measurements and we make our radial distance calculations 
based on those. 
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4G 
We typically have less timing advance data but of a higher quality (cf 3G). 
Commonly we only have one timing advance so we have to look at signal 
strength data to narrow the possible locations for the device down. Each 
antenna has an expected strength map (think pixelated map grid). If we know 
the strength of the signal from that tower, we know which pixels we are most 
likely located at. Combine enough of that information and the timing advance 
radial probabilities and we can identify the most likely location (global maxima 
for the function). A second generation of the 4G geo-location uses time 
stitching to allow more data (for time periods just before or after) to be 
combined in the calculation. 

5G 
This is where MIMO antennae come into play. For 5G we have our timing 
advance measurements (more accurate than 3G or 4G); signal strength 
estimates, and angular information (Angle of Arrival and Angle of Departure) for 
user-based traffic. Every piece of extra information gives the probability function 
something more to work with. The angular information includes both the azimuth 
and the vertical axis. 

 

Better Signal Strength Maps 

Signal strength maps can be calculated to give approximate expected values 
but it is much more accurate to do a drive around and record actual signal 
strengths. If this were done then we would get more accurate geo-location. 

Accurate and Complete Tower Information 

Different parts of the system have access to different information. It is not always 
as well-integrated or clean as would be ideal. So it might be possible for tower 
location information to contains errors in some cases, with obvious negative 
implications for geo-location. 

 

2 Initial Data Processing 

2-1 Aggregation 
For practical reasons, data is aggregated into 5 minute blocks with the first 
coordinate for that 5 minute block representing the device's location. If the 
source data were more granular it might make sense to aggregate to a smaller 
time unit e.g. 1 minute. 
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2-2 Data Cleaning 
Faulty data is removed e.g. impossible movements from one time period to 
another (being in two very different locations at about the same time). 

This problem has three probable causes: 

1. In areas without multiple towers supplying coverage it is difficult to 
accurately identify a location (see discussion of geo-location using 
trilateration). 

2. Some location data can be associated with an incorrect device identifier 
because of a race condition in the decryption of data – a mapping table 
converting temporary identifier to actual device identifier gets “stale” for a 
period of time. 

3. The geolocation process is dependent on the quality of the Network Element 
Table (NET) data contained. If something is incorrect in the NET that will 
impact on the trilateration process that generates lat/lon coordinates for 
device events. 

2-3 Mapping to Areas 
Area Definition 

Regions 

17 regions were created starting from the boundaries defined in 
https://datafinder.stats.govt.nz/layer/92205-regional-council-2018-clipped-
generalised/. The following alterations were made: 

 

Region Details 
Nelson Tasman Nelson Region + Tasman Region 
Coastal Otago Dunedin City + Clutha District + the part of Waitaki 

District in the Otago region 
Inland Otago Queenstown-Lakes District + Central Otago District 
Coastal Bay of Plenty Western Bay of Plenty District + Tauranga City + 

Whakatane District + Kawerau District + Opotiki District + 
the part of Taupo District in the Bay of Plenty Region 

Inland Bay of Plenty The part of Rotorua District in the Bay of Plenty Region 
 

 

 

 

 

 

 



June 2019 
Jun 

MOT 

 Private and Confidential 11 

 

For ease of reporting, these regions were given a defined sequence which 
broadly traverses North to South and West to East: 

• Northland Region 
• Auckland Region 
• Waikato Region 
• Coastal Bay of Plenty Region 
• Rotorua 
• Gisborne Region 
• Hawke's Bay Region 
• Taranaki Region 
• Manawatu-Wanganui Region 
• Wellington Region 
• Nelson-Tasman Region 
• Marlborough Region 
• West Coast Region 
• Canterbury Region 
• Inland Otago Region 
• Coastal Otago Region 
• Southland Region 
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Territorial Local Authorities (TAs) 

The 66 standard TAs were defined as per 
https://datafinder.stats.govt.nz/layer/92214-territorial-authority-2018-
generalised/ . For ease of reporting, these TAs were given a defined sequence 
which broadly traverses North to South and West to East: 

• Far North District 
• Whangarei District 
• Kaipara District 
• Auckland 
• Thames-Coromandel District 
• Hauraki District 
• Waikato District 
• Matamata-Piako District 
• Hamilton City 
• Waipa District 
• Otorohanga District 
• South Waikato District 
• Waitomo District 
• Taupo District 
• Western Bay of Plenty District 
• Tauranga City 
• Rotorua District 
• Whakatane District 
• Kawerau District 
• Opotiki District 
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• Gisborne District 
• Wairoa District 
• Hastings District 
• Napier City 
• Central Hawke's Bay District 
• New Plymouth District 
• Stratford District 
• South Taranaki District 
• Ruapehu District 
• Whanganui District 
• Rangitikei District 
• Manawatu District 
• Palmerston North City 
• Tararua District 
• Horowhenua District 
• Kapiti Coast District 
• Porirua City 
• Upper Hutt City 
• Lower Hutt City 
• Wellington City 
• Masterton District 
• Carterton District 
• South Wairarapa District 
• Tasman District 
• Nelson City 
• Marlborough District 
• Kaikoura District 
• Buller District 
• Grey District 
• Westland District 
• Hurunui District 
• Waimakariri District 
• Christchurch City 
• Selwyn District 
• Ashburton District 
• Timaru District 
• Mackenzie District 
• Waimate District 
• Waitaki District 
• Central Otago District 
• Queenstown-Lakes District 
• Dunedin City 
• Clutha District 
• Southland District 
• Gore District 
• Invercargill City 
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Mapping Coordinates 

Raw coordinate data needs to be mapped to areas (Regions and TAs) for 
aggregated analysis. This process is very processor-intensive and new cloud-
friendly solutions are being developed. 

 

3 Trip Extraction 

3-1 Two-stage Process 
Data on individual events are converted to data on trips using a two stage 
process. First, the events are consolidated into sub-day trips, which are 
movements between places where the device had a dwell time of at least 90 
minutes. Second, the sub-day trips on a particular day are consolidated into a 
single day trip or overnight trip, as appropriate. 

3-2 Events to Sub-Day Trips 
For each area type e.g. TA vs Region, for each device, for each date, a 
sequence of events (with area fields) is processed into simple JSON (Javascript 
Object Notation – a very common data format) summary. This is the core of the 
analysis. The main thing to remember is that mobile data does not supply events 
for every device for every date. Some devices will have hundreds of mobile 
events, other dozens, much fewer will have only one. Note - there is a maximum 
of 288 five-minute blocks per device per day. So certain assumptions have to be 
made that will not be correct in all cases. Imagine, for the sake of simplification, 
a device has 3 events recorded - one in Auckland, then in Taupo, then in 
Wellington. We would record that as a sub-day trip from Auckland to Wellington 
via Taupo. Imagine a similar case but there are two events in Taupo 95 minutes 
apart. We would assume that the person had a dwell time of 95 minutes in 
Taupo thus splitting events into two separate sub-day trips Auckland to Taupo 
and Taupo to Wellington. The presence of a single event item changes the 
results. But overall, we can be confident we have captured real-world journeys 
with as many way-points as possible. It is easy to audit individual trip results back 
to the underlying events given the human-readable JSON text value containing 
start and end time, way points etc. 
JSON example (with reduced detail to protect privacy): 
{ 
"imsi": "xxxxxxx", 
"date": "2017-12-06", 
"orig_area": "Dunedin City", 
"start_time": "2017-12-06 10:xx:xx", 
"start_coord": [-45.xxxxx, 170.xxxxx], 
"start_chunk": 126, 
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"trip_area_lbls": ["Dunedin City", "Clutha District", "Central Otago District"], 
"trip_distances": [4.x, 2.x, 7.x, 43.x, 19.x, 35.x, 68.x, 4.x, 3.x], 
"dest_area": "Central Otago District" 
"end_time": "2017-12-06 14:31:26", 
"end_coord": [-45.xxxxx, 169.xxxxx], 
"end_chunk": 175, 
"duration": 24x.x, 
} 

 

3-3 Trip Consolidation by Day 
For each area type, for each device, for each date, multiple sub-day trips are 
consolidated into a single "trip" with an overall origin area and overall 
destination area. If those are the same, then we consider this to be a Day trip. If 
not, we consider it an Overnight trip. If a Day trip we identify the furthest area 
from the origin/destination. This analysis currently uses area centroids and 
distance as the crow flies. More sophisticated approaches may be desirable in 
the future e.g. to handle cases like Auckland trips passing through the Waikato 
and Coromandel. We can also do analyses based on way-points e.g. all trips 
through Hamilton in terms of ultimate origins and destinations. Note – the 
midnight-to-midnight definition of day which was used to partition the source 
data for the MOT analysis was used for trip consolidation for practical reasons. In 
future, it will be possible to repartition the source data by 3am – 3am days and 
calculate trips accordingly. 

3-4 Removal of Flights 
Trips were split by significant “dwell blocks” - that is, where the IMSI stayed more 
or less in one place for at least 90 minutes. If travelling from Wellington to 
Auckland via Taupo, a dwell time at Taupo of 90 minutes or less would result in 
one trip being recorded (Wgn -> Akl) whereas staying longer than 90 minutes 
would result in two trips (Wgn -> Taupo, Taupo -> Akl).  
 
Flights were also used to split trips. A “hop” from one location to another, faster 
than a road vehicle could reasonably travel (taking into account a time penalty 
if crossing the Cook Strait), would be considered a flight and would split a trip. 
E.g. Driving from Hamilton to Auckland Airport then flying to Christchurch and 
driving to Dunedin would be three trips (Ham -> Akl, Akl -> ChCh (flight), ChCh -> 
Dun). 
 
There was also an effort to identify flights between recorded trips. So if a device 
was recorded travelling around Auckland, then, 8 hours later travelling around 
Inland Otago, we would deem there to have been a flight in the middle. 
If a device had a flight at any point in a day, their data for that day was 
removed before consolidation of trips into day-level trips occurred. 
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4 Personal Characteristics 

4-1 Country of Origin 
All subscribers on the Spark/Skinny networks have an MCC (Mobile Country 
Code). These are mapped to countries e.g. 505 is Australia, 262 is Germany, 234 
and 235 are the UK and so on. Using this information we are able to map 
subscribers into the following groups: 

• Australia 
• China 
• USA 
• UK 
• Germany 
• Japan 
• Canada 
• Korea, Republic of 
• Rest of Asia 
• Rest of Europe 
• Rest of Oceania 
• Rest of Americas 

 
There is also a group of international visitors who buy a local SIM card on arrival. 
It looks like they arrive in the country and purchase a NZ SIM card on the first 
day. In our data they will typically appear as an international SIM card for only 
one day, and a domestic SIM card for less than 29 days.  
We are unable to link those two SIMs together so we have to identify the 
international users as ‘Unknown International’. Note – this is not the same as 
‘Other International’ - the latter are devices that we know the country of origin 
but it is not in the main categories e.g. Nigeria. 
 
We also need to remove records attached to an international MCC which only 
got used for one day. Leaving them in would inflate visitor numbers and results in 
false conclusions e.g. that a large proportion of international visitors only visit the 
Auckland Region and only stay for one day. Those people are handled as 
‘Unknown International’s. 
 
Note - analysis started by looking at all Mobile Country Codes (MCCs) 
according to the frequency of times they appeared in the Spark/Skinny 
subscriber list. Most international subscribers were in a few countries and there 
was a very long tail. So, for practical reasons, it was decided to only map into 
groups countries where there were at least 400 subscribers ever. The three 
countries just above the cut-off were Trinidad and Tobago, Morocco, and 
Zambia to give an indication of how inclusive the filtering was. 
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So when the label “Rest of Asia” is used it is more precisely “Rest of Asia (apart 
from China, Japan, and South Korea) except for countries with negligible 
visitations to NZ”. Which is why Mongolia, Bhutan, and North Korea were left out 
and appeared, if at all, in the “Other International” category. Even though it 
would have a negligible impact on the results, it would make sense in future to 
explicitly add Mongolia, Bhutan, and North Korea to the “Rest of Asia” category.  
 
 
Similarly, Guatemala, El Salvador, Belize, Honduras, Nicaragua, Cuba, the 
Dominican Republic, Puerto Rico, the Bahamas, Guyana, and Suriname. French 
Guiana seems to be France in the same way Alaska is in the United States. 
Which is why the map displays the latter as part of “Rest of Europe”. Note – in 
terms of the actual data we map according to MCC code so we are probably 
able to distinguish. 
 
“Rest of Europe” also lacked a few countries, namely Bosnia and Herzegovina, 
Montenegro, Albania, Kosovo, Republic of Macedonia, Belarus, Moldova, 
Georgia, Andorra, (Armenia), (Azerbaija), San Marino, Malta, Monaco, and 
Vatican City. Supposedly also Turkey (https://www.countries-ofthe-
world.com/countries-of-europe.html ). 
 
Africa and the Middle East were all part of the “Other International”. 

4-2 Home Region 
Domestic and home region: for each date in year, we identify the first geo-
located event per day per device. This can be thought of as where the person 
associated with the device "wakes up" - which is probably where they live. We 
then consider the most common of these regions for the device and treat that 
as the home region. Calculating this on a monthly basis might be more useful in 
future analyses. 

5 Reporting 

For each worksheet a different filtering and aggregation was required e.g. 
Domestic only broken down by home region with further breakdowns for each 
(Reg Day, Reg Overnight, TA Day, TA Overnight). Data is normed relative to the 
highest cell value across all analyses. The assumption is that relativities are more 
reliable than actual numbers. Actual numbers can be affected by network and 
data processing issues but these are less likely to adversely impact relativities. 

 

 

 

 

 


