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Abstract. Recently, first methods for holiday detection from unsuper-
vised low-resolution smart metering data have been presented. However,
due to the unsupervised nature of the problem, previous work only ap-
plied the algorithms on a few typical cases and lacks a systematic vali-
dation. This paper systematically validates the existing algorithm by
visual inspection and shows that numerous cases exist, where implicit
assumptions are not met and the methods fail. Moreover, it proposes a
new, very simple rule-based method which is in principle able to over-
come these problems. This method should be seen as a first step towards
improvement, since it is not automated and needs a moderate amount
of human intervention for each household.

Keywords: Privacy · Smart Grids · Smart Metering.

1 Introduction

Privacy concerns have been raised by the planned large-scale rollout of Smart
Meters [10]. Several methods exist that analyze energy consumption profiles.
Especially NonIntrusive Load Monitoring (NILM) is an area of active research
([4], [11], [7]) where the goal is to divide (disaggregate) the (aggregate) signal that
results from summing up consumption of different devices into the individual
summands. While it is clear that such techniques have high potential to improve
or generate new services, one could learn private information like habits from
information about device usage. Typically, these approaches use a time resolution
in the range of a second which is much lower than the time resolutions that occur
in the Smart Grid. For example in Austria, the planned rollout foresees Smart
Meters that only have a time resolution of 15 minutes.

Another branch of methods aim at detection of occupancy, i.e., at determin-
ing for each point in time, if a household is occupied by at least one person or
not ([2], [9], [8], [1], [5]). These methods are typically tested using laboriously
collected ground truth for a low number of places. Also there, typically time
resolutions of seconds or a minute are smaller than the time resolution in Smart
Metering.
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In a recent study [3] holiday detection from low resolution has been inves-
tigated for the first time. Inspired by ideas from occupancy detection several
methods have been developed that aim at detecting holidays. Note that there
and in this paper a holiday is defined as a day without electricity consumption
that is triggered by a human. The methods have been described and investi-
gated for several typical households. However, since the paper was intended as a
first, explorative step towards holiday detection, no systematic validation of the
methods has been performed.

This paper aims at filling this gap. The performed validation discovered sev-
eral weaknesses of the existing methods and proposes a first step towards a better
method.

2 Related Work

2.1 NIOM

NIOM is a rule-based algorithm that classifies households as occupied or unoccu-
pied for time intervals containing T measurement points. For each time interval
the following features are calculated: the average value, the standard deviation
and the range (maximum-minimum). For each feature, thresholds need to be
found for classifying the time interval as unoccupied, if the feature is below the
threshold. Otherwise the time interval is classified as occupied. All the time in-
tervals where occupancy is determined that way occur during daytime D =[6h,
23h] and not during nighttime.

The thresholds themselves are determined as the maximum values during the
previous night between 1h and 4h (N :=[1h, 4h]). Gaps between time intervals
detected as occupied are filled using a plausible heuristic. The authors themselves
already pointed out that their results are sensitive to the choice of the threshold.

2.2 MaxOnly

MaxOnly has been developed in [3] as a simple extension of NIOM for holiday
detection. As done by NIOM, the maximum value of the measurements of house-
hold i, but now only one value per 15 minute, is determined for the nighttime N
of day d. Then the maximum of the day values xti,d is compared with this value.
In order to not underestimate the number of holidays a tolerance δ is added to
the night maximum yielding the MaxOnly holiday detection rule

hi,d =

{
1 if max

t∈D
xti,d < max

t∈N
xti,d + δ

0 otherwise.
(1)

For practical tests, δ has been set to 0.1kW.



Holiday Detection from Smart Metering Data 3

2.3 LogReg

While MaxOnly is a simple extension of NIOM, LogReg has been developed in
[3] especially for holiday detection. The idea of LogReg is to reformulate the
problem as follows: For a holiday, both, the night and the day values of a day,
should resemble night values. This reformulation enables one to train and use
a classifier fi that distinguishes night values from day values of household i.
Thus, in a first step a classifier fi is learned for each household using logistic
regression which is a common classification method. Logistic regression has been
used because it not only outputs the class but also the estimated probability to
be in a class.

Given the learned classifier, a new day to be classified is then treated as
follows: if the classifier classifies both, its day values and its night values, as
likely being night values using again a threshold τi then the day is classified as
a holiday. The threshold τi is heuristically determined from the 25% quantile of
the estimated probability of the night measurements to be a night measurement.

So far it is still open which features should be used as the input to the clas-
sifier, i.e., how to describe the day and night values, respectively. Two variants
have been studied in [3] and will also be studied here. The first set of features
summarizes the day and night values simply by their maximum, the correspond-
ing overall method is called LogRegMax. In order to possibly exploit more details
of the distribution the second set of features summarizes the day and night values
by quantiles. More precisely the 25%, the 50%, the 75% and the 99.9% quantile
are used. The corresponding overall method is called LogRegQuant.

3 Validation

3.1 Initial Comparison of Results

It has already been stated in [3] that the differences in the predicted number
of holidays can be large. Now, it is investigated where this differences come
from and which of the methods yields the better prediction. The proceeding for
this task is as follows: First the households where the largest differences in the
predictions occur are detected, then validation plots were created and visually
compared. Essentially the result of this section is a complete failure of all the
existing methods for a variety of households.

By looking at the distribution of the number of holidays, it can be shown
that NIOM and LogRegQuant yield to lower number of holidays than MaxOnly
and LogRegMax.

It is clear that NIOM yields fewer holidays than MaxOnly because its thresh-
old is lower by the chosen tolerance (chosen as 0.1kW). We explain the underesti-
mation by LogRegQuant by the conjecture that the maximum is the best feature
for the description of human activits. More details will be shown in Section 5.1.
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Fig. 1: Comparison of the results of the methods proposed in [3].

Preliminary examinations of validation plots provided first evidence that
MaxOnly and LogRegMax are favoured over NIOM and LogRegQuant. Con-
sequently the subset of households that are investigated are based on the differ-
ences between these two methods which is shown in Fig. 2. In order to easily
recognize households where differences occur the points of the scatterplot are
labeled by the household ID.

0 50 100 150 200 250 300 350 400

Number of holidays MaxOnly

0

50

100

150

200

250

300

350

N
u

m
b

e
r 

o
f 

h
o

lid
a

y
s
 l
o

g
R

e
g

 (
m

a
x
)

20
49 50

51
52

53

54

55

56

5758 5960
616263

64

6566676869
70

71 72737475 76
77

78
7980

81

82

83

84858687888990 9192
939495

96

9798

99
100

101

102103104105

106 107

108
109110

111112

113
114

115116117118119120121122
123124125126127128129130131

132

133
134

135136

137 138139
140141142143

144145

146

147

148

149
150151

152

153

154

155
156157

158
159161

162

164

165166167
168169170
171

172
173

174175271276277

278

279

280

281
282

283
284

285286287

288289

290

291292293

294

295
296

297298299300301302

303

304 305306307
308

309
310

311312313
314

315

316

317

318319320321322 323
324325

327328329330331332333

334335

336337
338

339340341 342343344345346347348349350351
352353

354

355356
357

358
359

360 361362363364
365

366367368369370

371

372373374

375

376
377378379380

381
382383384
385386387388389

390

391

392

393394395396

397

398399400 401402
403

404405406407408409
410

411
412

413414415

417

418
419

420
421
422423

424

425426427428
429
430431 432433434435

436

437438

439
441442443444445446
447

448

449
450

451

452
453

454
455456457

458

459

460461

462

463464465467468

469470
471

472473
474
475

476

478

479480

481

482

483

484485486
487488

489490491492493
494

495
496 498

499

500501

502

503504506507
508

509 510
511

512

513

514515516
517518519520521522

523
524525526527
528

529
530
531532533

534535536
537

538539

540

541
542543

544
545
547

548549550
551552

553554555 556557
558 559560

561
562563564565566567568
635677689

690

691693
694

695
696

697698

699

700701702

703

704705706707708

709

710

711712
713

714715716717718719720721722723724725726727728

729

730731

732

733734735736737738739
740 741742743

744745

746

747748749750751

752

753

754

755

757

758

759760
761762

763764
765766

767

768769

770

771

772

773

774

775776778 779780781782783

784

785786787788789790791

792

793

794

795796798799800
801

802803804 805806807

808

809810
811

812

813
814

815816
817

818819
820

821

822

823

824
825

826827828829830831
832

833
834

835
836837838839840841842843845846847

848
849 850

851

852853855

856

857858859861862

889

890909

910

911

912

913914915916917918919

920

921922923
925

927929

930

931932933934

935
936

937

938

939

940

941942
943

944
945

946947948949

950

951
952

953

954

955956957958959

960 961

962963964

965

966
967968969974975

978
982

9839849861000
11141164

1889
1920

1922

1952

19541961

21141

2
3

4

5

6

7

89
10 12

13

14

15

16

17
181921

22 2324 252627

28
29

30

313233 34
35

36
3738

39
4041

42

43
44

45
46

47

48
176177178179180181

182
183

185186
187

188189190191192193

194

195

196197198199
200201
202203

204
205206

207

208

209

210
211

212

214

215216217

218

219

221

222

223
224 225

226

227

228229230231232 233234
235

236
237

238

239

240241

242

243244 245

247

249
250

251
252

253254
255

256

257

258

259

260

261

262

263

264265

266

267268
269272

273274
275633
634

636
637

638639
644

645

646

647

648

649650651
652

653
654

655

657
658659660661662

663 664
665667668

669
670671

672

673674675676678

679
680

681

682

683684
685

686

688
891

892

893

894895

896

897898
899900901

902

904

905

906

907
908970

971

972973

1025

1036

12231258

Fig. 2: Comparison between the results of MaxOnly and LogRegMax.

3.2 Validation Plots

Since no information about the true holidays exists human inspection must serve
as the gold standard here. Therefore, validation heavily relies on visual analysis
and common sense. In order to produce a plot that quickly enables a human to
estimate the plausibility of the result for each household and method the days
are ranked according to the quantity that represents the belief in being a holi-
day of the respected method. After reordering the days according to this belief
the values of the household are again plotted as a heatmap. This heatmap is
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then visually analyzed for plausibility. As described below, although this vali-
dation method is simple, it enables a human to find implausible results of the
investigated methods.

Note that the ranking depends on the prediction method: for NIOM and
MaxOnly holiday score sMaxOnly

d is calculated as the according to the difference
between the maximum value during nighttime and the maximum value during
the daytime. Note that while the score is the same for NIOM and MaxOnly, the
threshold is set higher for MaxOnly.

For the logReg methods the holiday score slogReg
i,d for day d of household i is

the predicted probability for day d to be a holiday

slogReg
i,d = pid = yi,dayd · yi,nightd

While the formula for the score is the same for the two variants, the difference
lies in the inputs of the trained classifiers f i that tries to distinguish between
the day and the night values.

In order to better visualize the differences between the night and the day
values for the heatmap values that exceed 1 kW were set to 1 before visualization.
More details about this choice is given in Section 5.1. An additional vertical
separation line with numbers of 1kW is added in order to separate days which
were detected holidays (left) from days where no holiday was detected (right).

The reordering has an additional beneficial effect. While longer periods of
holidays such as in Fig. 3 can easily be detected in the original heatmap, single
holidays can easily get overlooked. Due to the reordering, single holidays are put
to the left of the separation line and can thus be compared with other detected
holidays.

House 472
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Fig. 3: Household 472: holiday periods can be easily identified as vertical black
stripes.

Based on the visual inspection of the validation plots the following categories
were found to be suitable for describing the results: “plausible”, “too few holidays
detected”, “too many holidays detected” and “bad ranking”. Since the number
of holidays is not known the best category to achieve is plausible. This means
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Fig. 4: Household 892: both MaxOnly (top) and LogRegMax (bottom) overesti-
mate the number of holidays. In the panel above, the false positives of MaxOnly
that occur from high night values can be seen most clearly.

that the sorting of days in the heatmap and the distinction between holidays and
non-holidays look reasonable. “Bad ranking” means that the ordering of days in
the heatmap does differs from the expected ordering. An example for bad ranking
is shown in the upper panel of Fig. 4. There, many days with high consumption
especially during night are rated as most likely being a holiday. This is far from
being plausible since during a holiday low consumption is expected throughout
the day. An example for too many found holidays is shown in the lower panel
of Fig. 4. While the ranking is plausible there, only the days with consistently
very low energy consumption that constitute the black part at the leftmost part
of the figure should be labeled as holidays.

Due to the high number of households, not all validation plots were looked at.
Instead, in spirit of estimating the performance from properly selected samples
four different regimes of households were investigated: two kinds of households,
where the two methods agree and two kinds, where the two methods disagree.
For the latter two cases households with an extremely high number of predicted
holidays by at least one method were investigated. More precisely it is looked at
households for which

– both methods estimate around 30 holidays: 7 selected households

– both methods estimate around 0 holidays: 6 selected households

– MaxOnly predicts more than 150 holidays: 18 selected households

– logRegMax estimates more than 150 holidays but MaxOnly estimates less
than 100 holidays: 7 selected households

While it is not possible to even show all these plots, typical households are shown
in order to demonstrate the key issues.
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3.3 Households with About 30 Detected Holidays

First, cases that may be considered normal for Austria (with 25 free days per
year) are analyzed now. A subsample consisting of households 1, 112, 194, 334,
551, 552, 472 was investigated. Except household 551 all of them had at least one
longer period with a holiday. Both algorithms showed plausible results with the
one exception when MaxOnly wrongly assigns a day a holiday when larger values
occur during night time. As a typical example the consumption of household 472
is shown in Fig. 3.
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Fig. 5: Household 472: both algorithms show plausible results: MaxOnly (top):
25, LogRegMax (bottom): 21 holidays

The validation plots for the same household 472 are shown in Fig. 5. As
already described in [3], both methods yield plausible results for such cases: in
this case 25 holidays are detected by MaxOnly, 21 by LogRegMax.

3.4 Households with About 0 Detected Holidays

Considering households with near zero assigned holidays it is studied, if the
methods also tend to underestimate the number of holidays. Visual inspection
of households 73, 422, 452, 460 and 968 confirm that no longer holiday exist and
only a small number of single holidays may exist. Thus also for this regime the
algorithms yield plausible results.

Out of these households, household 769 is the only one that has a short holi-
day period (Fig. 6) in January. For this household logRegMax shows a plausible
ranking but too few holidays: days with low consumption throughout the day
are right to the separation line (Fig. 7). MaxOnly shows more holidays.

This household is also an interesting case where a pool exists. This pool
causes high values of a rectangular shape both during day and night. In fact,
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Fig. 6: Household 769 has one holiday in January and rectangular patches of
higher values that are caused by a pump of a swimming pool.
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Fig. 7: Household 759: MaxOnly shows a plausible result with one questionable
holiday (top), LogRegMax underestimates the number of holidays (bottom)

one of MaxOnly’s detected holidays has a considerable part of the day affected
by the pool pump. Because the remaining values of this day are small, this may
indeed be a day where no one is at home and only the automatic pool pump
is running as the only device with high energy consumption. This household
demonstrates that detection methods must find a way to deal with automatic
appliances like swimming pools.

3.5 Households with More than 150 holidays for MaxOnly

Now households where MaxOnly estimated more than 150 holidays are visually
validated. The IDs of these households can also be identified in the scatter plot
in Fig. 2. The validation result for MaxOnly is shown in Table 1.

Since the estimated number is so high the authors expected an overestimation
of MaxOnly. However, this turned out to be not the case. The validation plots
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Table 1: Validation of MaxOnly for households where MaxOnly estimates ≥ 150
holidays.

Validation Result Household

Plausible estimate 114, 207, 227, 258
Bad ranking 7, 30, 164, 279, 770, 856
Estimated too many 221
Estimated too few 209, 920, 954, 961, 1036, 1922, 2114

even more showed that more often both methods still underestimated the number
of holidays. In the best case results looked plausible, however this did not happen
often.

MaxOnly mainly also suffered from an inadequate ranking. Bad ranking of
MaxOnly occurs for days with low values during daytime and at least on high
consumption value during nighttime. Since MaxOnly compares the maximum
during daytime with the maximum during nighttime, the difference is negative
which is considered as a holiday by MaxOnly. However, such a day is likely not a
holiday resulting in erroneously detected holidays where the consumption during
day was low but consumption during night was high. An example household,
where bad ranking clearly occurs, is shown in Fig. 12.

House 770
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Fig. 8: Household 770: the regular, “oscillating” behaviour is supposed to be
caused by the refrigerator. This background signal is not there the whole year.

The validation result for LogRegMax shown in Table 2 demonstrates that
for these households LogRegMax in most cases underestimates the number of
holidays.

As an example, household 770 is shown in Fig. 8. The figure clearly demon-
strates that the background signal can vary over the time of the year. This
property makes the determination of suitable thresholds more complicated. For
this household the ranking of MaxOnly is poor in Fig. 9, because “black” days
with nearly zero consumption are not consistently ranked as extremely likely
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Table 2: Validation of LogRegMax for households where MaxOnly estimates
≥ 150 holidays.

Validation Result Household

Plausible estimate 7, 164
Bad ranking 221
Estimated too many 30
Estimated too few 114, 207, 209, 227, 258, 279, 770, 856, 920, 954, 961, 1036,

1922, 2114

holidays. While the ranking of days of logRegMax is plausible, too few days are
detected as holidays because the threshold for pid is set too low.
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Fig. 9: Household 770: both MaxOnly (top) and LogRegMax (bottom) underes-
timate the number of holidays.

It is remarkable that even though households with a high number of holidays
detected by MaxOnly have been selected for this section, still the number of
holidays detected has often been too small. In order to demonstrate that such
cases exist, as an example Fig. 10 shows the validation plots of household 952
where occupancy is obviously extremely rare. From a privacy perspective such
households could be secondary residences that are only occupied for a small
part of the year. Since in parts of Austria secondary residences are restricted
finding such households as possible secondary residences could be a use case for
government.
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Fig. 10: Household 954: both MaxOnly (top) and LogRegMax (bottom) under-
estimate the number of holidays which is very large

3.6 Households with Most Holidays for logRegMax

Now households are analyzed, where logRegMax estimates more than 150 holi-
days but MaxOnly only estimates less than 100 holidays.

House 758
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Fig. 11: Household 758: Energy consumption shows vertical lines in winter which
are possibly caused by an electric heater.

Households with 2 different characteristics occur. Households 55 and 892 have
a high (where high here means near 1 kW) energy consumption for rather large
parts of the day and also during parts of the night. While household 55 has no
obvious holiday, household 892 has a clear holiday at the end of the measurement
time. The validation plot of household 892 in Fig. 4 shows that both MaxOnly
and logRegMax strongly overestimate the number of holidays. MaxOnly again
fails because of the considerable energy consumption during night. LogRegMax
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fails because the differences between the day and the night values are rather
small. While the ranking makes more sense than for MaxOnly, the threshold is
clearly set wrong resulting in an overestimation of the number of holidays.

The second set of households (758, 772, 940, 950) have the characteristic
feature that vertical lines occur during winter time. As an example household
758 is shown in Fig. 11. Because of the primary occurrence in winter we suspect
that these vertical lines stem from electrical heating systems that run throughout
the day. Since it would make sense to turn the rather expensive electrical heating
off during a holiday days with such vertical lines are likely not holidays.

Here, for both methods the bad distinction between night and day values
lead to a failure of both methods as can be seen in Fig. 12. While the ranking of
logRegMax is more plausible it still overestimates the number of holidays since
many days with high consumption are left to the separation line.
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Fig. 12: Household 758: MaxOnly (top) has a bad ranking of the days (top) and
estimates 50, LogRegMax (bottom) overestimates 197 holidays

Summarizing, in this regime, both methods suffer from overestimation for
both kinds of household characteristics.
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4 Validation for ECO Data

In order to build the validation on a stronger basis, another source of household
consumption, the ECO dataset [9], is considered.

The heatmap of the 6 households is shown in Fig. 13. Although this data
set is small, it poses a number of serious challenges for the holiday detection
method. While houses 1 and 2 look typical and show longer periods of holidays,
houses 3 and 4 have high average consumption throughout the year. Houses
3, 4 and 5 have a horizontal line of high values which is likely to stem from
an automatic appliance. However, even though automatic appliances are not
triggered by inhabitants, they can indicate occupancy. One example for such
an appliance is automatic electrical heating. Houses 4 and 6 also show vertical
lines that extend into the night. As seen before, using algorithms that rely too
much on the distinction between day and night values will have problems there.
Household 3 has an automatic appliance running during night between August
and October. The behavior that it runs during night is expected to negatively
affect algorithms that estimate thresholds from night values. The fact that is
does not run through the whole year is an additional challenge, because the
night values can be treated equally for all days. In the ideal case the regular
structure of automatic appliances could be used to filter them out. However,
such a method is currently not available. While the structure is rectangular it
is not the same for all days which would certainly require a non-trivial removal
method. The ECO data set illustrates a challenging diversity of load profiles, a
detection should be able to deal with.

Both MaxOnly and LogRegMax were applied to all households. The val-
idation plots are shown in 14 and 15, respectively. MaxOnly showed plausible
results for houses 1, 2 and 6 with a slight overestimation again for days with high
night values (leftmost part of the plot). The overestimation was moderate for
household 3, it was extreme for households 4 and 5. LogRegMax showed a plau-
sible ranking for households 1, 2, 3 and 6 with underestimation for households
1, 2, and 6. As MaxOnly, it extremely overestimated the number of holidays for
households 4 and 5.

In summary, both methods showed big weaknesses for the ECO data set.
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Fig. 13: Heatmaps describing the 6 houses of the ECO dataset.



Holiday Detection from Smart Metering Data 15

 

31 50 100 150 200

Days (sorted)

23
21
19
17
15
13
11
9 
7 
5 
3 
1 

D
a
y
ti
m

e

0

0.5

1

 

14 50 100 150 200

Days (sorted)

23
21
19
17
15
13
11
9 
7 
5 
3 
1 

D
a
y
ti
m

e

0

0.5

1

 

8 20 40 60 80 100 120

Days (sorted)

23
21
19
17
15
13
11
9 
7 
5 
3 
1 

D
a
y
ti
m

e

0

0.5

1

 

20 40 60 80 100 120 140 160 180 200 220

Days (sorted)

23
21
19
17
15
13
11
9 
7 
5 
3 
1 

D
a
y
ti
m

e

0

0.5

1

 

20 40 60 80 100 120 140 160 180 200

Days (sorted)

23
21
19
17
15
13
11
9 
7 
5 
3 
1 

D
a
y
ti
m

e

0

0.5

1

 

20 40 60 80 100 120 140 160

Days (sorted)

23
21
19
17
15
13
11
9 
7 
5 
3 
1 

D
a
y
ti
m

e

0

0.5

1

Fig. 14: Validation of MaxOnly for ECO data.
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Fig. 15: Validation of LogRegMax for ECO data.
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5 Towards a New Model

The validation of the existing methods in Sections 3 and 4 showed that there
is much for improvement. It also showed that the problem is not as simple as
initially considered. MaxOnly generally suffers from false positives when higher
values occur during night. LogRegMax mainly suffered from the setting of the
threshold especially when most of the days are holidays or when consistently
high values also occur during night.

5.1 Use Only Maximum Values: MaxTol

The methods proposed so far suffered when night and day values were too sim-
ilar. This characteristic leads to a big error because the number of holidays are
overestimated. While it has been clear that this is an explicit assumption natu-
rally arising from the adaption of the occupancy detection approach in [2], the
experiments showed that the distinction between day and night may introduce
more problems than it solves. Therefore, here we propose to skip the distinction
between night and day values.

Another way to treat this problem would be to try to remove automatic
appliances that also run during night time thus decreasing the difference between
daytime and nighttime consumption. However, such methods are not yet readily
available for all kinds of appliances, especially for low resolution data. Therefore,
we leave this way as a topic for future research.

Especially houses 4 and 5 of the ECO data showed a clear overestimation. For
a human, occupancy seems to be clear that somebody is at home, if a “high” load
value occurs. In contrast to this intuition, the current methods all only compared
day values with night values, but no method compared the absolute value with
a threshold. Therefore it seems reasonable to consider a fixed threshold for the
maximum of the whole day. Using such a threshold is supported by the results
about the determinants of electricity consumption [6], where it is stated that
“most high consumption, intermittent appliances such as electric water heater,
electric clothes dryer, and Spas/Pools primarily contribute to daily maximum
consumption. These are the appliances that are not always on and their operating
schedules are dependent on the activities and habits of the occupants”. The
power consumption of the class of ohmic devices that need to produce heat have
power values above 1kW. Therefore, we used 1kW as an upper limit for a value
where we can be quite sure that it stems from an activity of a human in the
household. Consequently, all values entering a heatmap have been clipped from
above at 1kW so that the heatmaps are suitable to show the low maxima that are
interesting for developing thresholds. The fact that this clipping enabled us to
conduct the validation analysis based on the heatmaps supports the usefulness
of considering values above 1kW as likely human-driven.

Using these considerations as a guideline, we next study the following, ex-
tremely simple rule-based classifier that compares the maximum value of the
whole day with a constant, household-dependent threshold. Consider a whole
day d of household i. Denoting the 96 quarterly-hour power values of as xi,d =
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(x1i,d, . . . , x
96
i,d), the binary holiday variable hi,d is assigned by the following simple

rule using a single tolerance value Toli for a household

hi,d =


1 if max

t∈{1,...,96}
xt
i,d < Toli

0 if max
t∈{1,...,96}

xt
i,d ≥ Toli

(2)

For future reference, this simple rule is called MaxTol. From (2) it is clear that
more holidays will result from choosing a bigger value of Toli.

Two questions immediately arise. First: is such a simple rule flexible enough
to get a reasonable holiday detection mechanism? Second: how should the thresh-
old be determined? For these 2 questions preliminary answers will be given in
the next two subsections based on trials for the diverse ECO data set.

5.2 Threshold Selection

Before demonstrating how the threshold is chosen, the effect of the threshold on
the outcome is illustrated in Fig. 16 for first, bigger dataset. There, the threshold
has been set to the same value for all households.
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Fig. 16: Effect of different thresholds on the holiday distribution.

From Fig. 16 two conclusions can be drawn: first, the threshold has a huge
effect on the distribution of the number of holidays. Second, the range between
0.2 and 1 suffices for realistic, typical households. If Tol would be set to 1 for all
households, around 30% of households would have 80 holidays or more per year.
This seems unrealistically high for Austria.

Threshold selection is done manually for each household based on the heatmap
of a household and the cumulative distribution of the night values (Fig. 17). In
the first step, the night time is determined based on the heatmap. For all house-
holds of the ECO dataset the night time was set to the time span between 2h
and 4h, only for house 4 the time span between 0h and 2h was selected in order
to avoid the values of the “horizontal line”. Then the cumulative plot of the
night values was created (Fig. 17).
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Fig. 17: How threshold have been selected (red, dashed line) based on the cumu-
lative distribution of the night values (blue).

This plot serves as a basis to distinguish high values that indicate activities
stemming from humans from the background of automatic appliances. Based on
inspection of the heatmap (Fig. 13), if no high values occur during night, the
threshold was set high enough to include nearly 100% of the night values (houses
1 and 2). If a considerable amount of high values exist, the threshold should be
chosen to sort these values out. For example, house 3 contains a considerable
amount of high values. The plot of the cumulative distribution shows that these
high values account for about 30% of the night values that can be seen in the
plot as the second increase after the plateau. The threshold (red line) was set
to just exclude these values. In a similar way the threshold can be achieved for
houses 4 to 6. Only for household 4 the position of the threshold stays rather
unclear since no clear flat intermediate region occurs. Based on several manual
trials it turned out that for house 4 the result was insensitive to the exact setting
of the threshold.

As already can be seen in Fig. 17 the thresholds are well below 1 kW but
changed considerably between houses. The thresholds used are also listed in
Table 3.
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Table 3: Results of MaxTol for ECO data.
House ID 1 2 3 4 5 6
Used thresholds Toli 0.2 0.2295 0.2395 0.496 0.5 0.13
Detected number of holidays 27 11 0 0 0 11

5.3 Application to ECO Data

Finally, using the thresholds derived in Section 5.2, MaxTol was applied to the
ECO dataset. The corresponding validation plot in Figures 18 and 19 ordered
the days by increasing maximum values, now using values from the whole day
for the determination of the maximum.
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Fig. 18: Application of MaxTol on ECO data houses 1, 2 and 3.

The figures shows that reasonable results can be achieved by MaxTol for
all households although it is in principle simpler than the other investigated
methods, which performed weak for this dataset. However, this good result comes
at the cost of needed manual intervention. It should be noted that a few selected
households from the other data set have also been successfully treated this way.
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Fig. 19: Application of MaxTol on ECO data houses 4, 5 and 6.

6 Conclusion and Outlook

In this paper, previously developed methods that detect holidays by analyzing
low frequency smart metering energy consumption data have been evaluated. It
turned out that these methods work well for normal cases but have big weak-
nesses for various situations. The analysis revealed several issues that must be
considered: consistently high values for both night and day, automatic appliances
that run for parts of the day or night but not all year, background that depends
on the time of the year or also households with unexpectedly rare occupancy
over the year. From a privacy perspective, it can be considered good news that
holiday detection is not as simple in general as one would think at first.

The analysis showed that the automatic distinction between day and night
values posed more problems than it solved. As a first step towards an improved
method we therefore propose to use the maximum value of the whole day. There
is also evidence that it is better to only use the maximum without additional
quantiles of the load values. The absolute value of thresholds should be restricted
to be in a certain range that is below consumption values of known human-driven
appliances like ohmic heaters. Based on these principles a more suitable, very
simple method is proposed. It is shown that using this simple method in principle
the houses of the ECO dataset can be treated in a plausible way. However, the
method comes at the cost of human intervention in estimating the threshold.
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Holiday detection from electric load profiles is still in its infancy. Therefore
many extensions are possible. A particular challenge will be to find thresholds
automatically. It could also be challenging to develop more flexible models that
are based on modeling of human habits and activities. Validation currently needs
visual inspection which is both laborious and error-prone. Because labeled data
will be hard to achieve, validation by household simulations could be a viable
alternative.
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