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„Softlanding“ New Data Sources | Our Approach

Summary

Current #DataEngineering Challenges 
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Current 
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Adding new data sources – what will change?

Data from Digital Health 
Technologies collected at optimal 

time points e.g.:

Actigraphy devices
Physical Activity  
Energy Expenditure
Sleep Activity 
Body Posture 

ECG Patches 
Heart Rate
Respiratory Rate 
R-to-R Interval
Fluid Status

Data collected at 
on-site visits

Demographics
Weight, Height
Vital Signs
Single 12 Lead ECGs
Adverse Events, Medical 
History
…

Volume, Speed and Complexity of 
generated data will significantly increase
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Example - ECG and Activity data

5

~300,000 datafiles spread over hundreds of folders (1.6 TB in total) for 80 patients
7 datafiles per category per hour (not more than 1 - 6 variables per file)
Unique Patient- and Device identifier as part of the filename
Timestamps are in UTC collected and need to get converted (by e.g. using IANA Timezone DB)
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Heart Rate 

Respiratory Rate

R-to-R interval

Fluid Status…

Physical Activity

Sleep Activity

…
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R-to-R interval

Fluid Status…
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Example - ECG data in high resolution 
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Not every data point from the device need to become part of the operational database
Overhead in the Data Warehouse à Inefficient
Data can be unclean (redundant, inconsistent, missing data, extreme outliers/artefacts)



Example - ECG data in high resolution 
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Not every data point from the device need to become part of the operational database
Overhead in the Data Warehouse à Inefficient
Data can be unclean (redundant, inconsistent, missing data, extreme outliers/artefacts)
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DUR_MAX_INACTIVE; DUR_MAX_LYING; DUR_MAX_MOVING; DUR_MAX_NOT_WORN; DUR_MAX_SHUFFLING; DUR_MAX_SITTING; DUR_MAX_STANDING; DUR_MAX_STATIC; 
DUR_MAX_CYCLING; DUR_MAX_STAIR_WALKING; DUR_MAX_TOTAL; DUR_MAX_WALKING;  DUR_MAX_ACTIVE; DUR_MAX_WORN; DUR_MEAN_INACTIVE; DUR_MEAN_LYING; 
DUR_MEAN_MOVING; DUR_MEAN_NOT_WORN; DUR_MEAN_SHUFFLING; DUR_MEAN_SITTING; DUR_MEAN_STANDING; DUR_MEAN_STATIC; DUR_MEAN_CYCLING; 
DUR_MEAN_STAIR_WALKING; DUR_MEAN_TOTAL; DUR_MEAN_WALKING; DUR_MEAN_ACTIVE; DUR_MEAN_WORN; DUR_MEDIAN_INACTIVE; DUR_MEDIAN_LYING;
DUR_MEDIAN_MOVING; DUR_MEDIAN_NOT_WORN; DUR_MEDIAN_SHUFFLING; DUR_MEDIAN_SITTING; DUR_MEDIAN_STANDING; DUR_MEDIAN_STATIC; 
DUR_MEDIAN_CYCLING; DUR_MEDIAN_STAIR_WALKING; DUR_MEDIAN_TOTAL; DUR_MEDIAN_WALKING; DUR_MEDIAN_ACTIVE; DUR_MEDIAN_WORN; DUR_TOTAL_INACTIVE; 
DUR_TOTAL_LYING; DUR_TOTAL_MOVING; DUR_TOTAL_NOT_WORN; DUR_TOTAL_SHUFFLING; DUR_TOTAL_SITTING; DUR_TOTAL_STANDING;  DUR_TOTAL_STATIC; 
DUR_TOTAL_CYCLING; DUR_TOTAL_STAIR_WALKING; DUR_TOTAL_TOTAL; DUR_TOTAL_WALKING; DUR_TOTAL_ACTIVE; DUR_TOTAL_WORN; TRANSITIONS_LYSH; 
TRANSITIONS_LYST; TRANSITIONS_LYWA; TRANSITIONS_SISH; TRANSITIONS_SIST; TRANSITIONS_SIWA; PERIODS_INACTIVE; PERIODS_LYING;  PERIODS_MOVING; 
PERIODS_NOT_WORN; PERIODS_SHUFFLING; PERIODS_SITTING; PERIODS_STANDING; PERIODS_STATIC; PERIODS_CYCLING; PERIODS_STAIR_WALKING; 
PERIODS_WALKING; PERIODS_ACTIVE; MI_INACTIVE; MI_LYING; MI_MOVING; MI_SHUFFLING; MI_SITTING; MI_STANDING; MI_STATIC; MI_CYCLING; MI_STAIR_WALKING; 
MI_WALKING; MI_ACTIVE; MI_WORN; VMU_INACTIVE; VMU_LYING;  VMU_MOVING; VMU_SHUFFLING; VMU_SITTING; VMU_STANDING; VMU_STATIC; VMU_CYCLING;  
VMU_STAIR_WALKING;VMU_WALKING; VMU_ACTIVE; VMU_WORN; WALKING_DUR_MAX; WALKING_DUR_MEDIAN; WALKING_DUR_TOTAL; WALKING_DUR_TOTAL_10; 
WALKING_DUR_TOTAL_10.20; WALKING_DUR_TOTAL_20; WALKING_MI; WALKING_MI_10; WALKING_MI_10.20; WALKING_MI_20; WALKING_PERIODS; WALKING_PERIODS_10; 
WALKING_PERIODS_10.20; WALKING_PERIODS_20; WALKING_STEPS; WALKING_STEPS_10;  WALKING_STEPS_10.20; WALKING_STEPS_20; STEPS; BMR; AEE_INACTIVE; 
AEE_LYING; AEE_MOVING; AEE_SHUFFLING; AEE_SITTING;  AEE_STANDING; AEE_STATIC; AEE_CYCLING; AEE_STAIR_WALKING; AEE_WALKING; AEE_ACTIVE;  AEE_WORN; 
TEE_INACTIVE; TEE_LYING; TEE_MOVING; TEE_SHUFFLING; TEE_SITTING; TEE_STANDING; TEE_STATIC; TEE_CYCLING; TEE_STAIR_WALKING; TEE_WALKING; TEE_ACTIVE; 
TEE_WORN; PAL; PAR_INACTIVE; PAR_LYING; PAR_MOVING; PAR_SHUFFLING; PAR_SITTING; PAR_STANDING;  PAR_STATIC; PAR_CYCLING; PAR_STAIR_WALKING;  
PAR_WALKING; PAR_ACTIVE; METS_LIGHT;  METS_MODERATE; METS_SEDENTARY; METS_VERY_VIGOROUS; METS_VIGOROUS;  METMIN; ACSM_METMIN_WITH_BOUT; 
ACSM_METMIN_WITHOUT_BOUT; ACSM_MODERATE_DUR_WITH_BOUT; ACSM_MODERATE_DUR_WITHOUT_BOUT; ACSM_VIGOROUS_DUR_WITH_BOUT; ACSM_VIGOROUS; 
ACSM_VIGOROUS_DUR_WITHOUT_BOUT; ACSM_NO_VALID_MODERATE_DAYS; ACSM_NO_VALID_VIGOROUS_DAYS; NNGB_METMIN_WITH_BOUT; MT_TOTAL_L_SHIFT; 
NNGB_METMIN_WITHOUT_BOUT; NNGB_MODERATE_DUR_WITH_BOUT; NNGB_MODERATE_DUR_WITHOUT_BOUT; NNGB_VIGOROUS_DUR_WITH_BOUT; 
NNGB_VIGOROUS_DUR_WITHOUT_BOUT; NNGB_NO_VALID_MODERATE_DAYS; NNGB_NO_VALID_VIGOROUS_DAYS; PROACTIVE_DAY_TYPE; PROACTIVE_STEPS; 
PROACTIVE_STEPS_SCORE; PROACTIVE_VALIDITY; PROACTIVE_VMU; PROACTIVE_VMU_SCORE; PROACTIVE_NO_OF_VALID_DAYS; DUR_MAX_PRONE; DUR_MAX_LEFT; 
DUR_MAX_RIGHT; DUR_MAX_SUPINE; DUR_MAX_UPRIGHT; DUR_MEAN_PRONE; DUR_MEAN_LEFT;  DUR_MEAN_RIGHT; DUR_MEAN_SUPINE; DUR_MEAN_UPRIGHT; 
DUR_MEDIAN_PRONE; DUR_MEDIAN_LEFT; DUR_MEDIAN_RIGHT; DUR_MEDIAN_SUPINE; DUR_MEDIAN_UPRIGHT; DUR_TOTAL_PRONE;  DUR_TOTAL_LEFT;
DUR_TOTAL_RIGHT; DUR_TOTAL_SUPINE;  DUR_TOTAL_UPRIGHT; DUR_TOTAL_XL_SHIFT; DUR_TOTAL_L_SHIFT; DUR_TOTAL_M_SHIFT;  DUR_TOTAL_SITTING_SHIFT; 
DUR_TOTAL_S_SHIFT; PERIODS_PRONE; PERIODS_LEFT;  PERIODS_RIGHT; PERIODS_SUPINE;  PERIODS_UPRIGHT; PERIODS_XL_SHIFT; PERIODS_L_SHIFT; 
PERIODS_M_SHIFT; PERIODS_SITTING_SHIFT;  PERIODS_S_SHIFT; MT_TOTAL_XL_SHIFT; MT_TOTAL_L_SHIFT;  MT_TOTAL_M_SHIFT; MT_TOTAL_SITTING_SHIFT; 
MT_TOTAL_S_SHIFT;MI_XL_SHIFT; MI_L_SHIFT; MI_M_SHIFT; MI_SITTING_SHIFT; MI_S_SHIFT; VELOCITY_MAX_XL_SHIFT; VELOCITY_MAX_L_SHIFT; VELOCITY_MAX_M_SHIFT; 
VELOCITY_MAX_SITTING_SHIFT;  VELOCITY_MAX_S_SHIFT; VELOCITY_MEAN_XL_SHIFT; VELOCITY_MEAN_L_SHIFT; VELOCITY_MEAN_M_SHIFT; VELOCITY_MAX_S_SHIFT; 
VELOCITY_MEAN_SITTING_SHIFT; VELOCITY_MEAN_S_SHIFT; VELOCITY_MEDIAN_XL_SHIFT;  VELOCITY_MEDIAN_L_SHIFT; VELOCITY_MEDIAN_M_SHIFT;
VELOCITY_MEDIAN_SITTING_SHIFT; VELOCITY_MEDIAN_S_SHIFT; ATRIAL FIBRILLATION; EPISODE HISTOGRAM; NUMBER OF EPISODES OF BRADYARYTHMIAS; DAILY AF 
BURDEN; ECG HR EPISODE DURATION; HR DAILY; HR INTRADAY; HR HOURLY;PAUSE COUNT; PVC COUNT; SYSTEM TRIGGERED MEASUREMENT; FLUID STATUS; DAILY FLUID 
STATUS; INTRADAY RESPIRATION RATE; DAILY RESPIRATION RATE; INTRADAY ACTIVITY DURATION; DAILY ACTIVITY DURATION; HOURLY ACTIVITY DURATION; NTRADAY 
ACTIVITY INTENSITY; DAILY ACTIVITY INTENSITY; HOURLY ACTIVITY INTENSITY; INTRADAY POSTURE DAILY; POSTURE INTRADAY; HEART RATE VARIABILITY ; >=5 MINSTO<1; 
HR >=1 HRTO<6; HR >=6HRTO < 12; HRS >= 12 HRS SUMMARY (MAX); HEART RATE SUMMARY (MEAN); HEART RATE SUMMARY (MIN); HEART RATE SUMMARY (MAX); FLUID 
STATUS SUMMARY (MEAN); FLUID STATUS SUMMARY (MIN); FLUID STATUS SUMMARY (MAX); RESPIRATION RATE SUMMARY (MEAN); RESPIRATION RATE SUMMARY (MIN); 
RESPIRATION RATE; HEART RATE VARIABILITY; SUMMARY ACTIVITY; DURATION SUMMARY (MAX) ACTIVITY INTENSITY; SUMMARY (MEAN); ACTIVITY INTENSITY SUMMARY; 
POSTURE; EPISODE DURATION; ECG HR MAX; ECG HR MEAN; ECG HR MIN; SUMMARY ACTIVITY INTENSITY SUMMARY; FLUID STATUS SUMMARY; RESPIRATION RATE;

Hundreds of Parameters
& Gigabytes of Data
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For large amount of data, new data transfer methods need to be 
explored 

Vendors often cannot provide data as per sponsor data model

Additional Data Aggregations may be required later on 
(e.g. from minutes to daily resolution)

Vendors device data model often more efficient than SDTM 
(e.g. horizontal vs. vertical data structure)
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Capabilities / Requirements / Expectations to be discussed with
the vendor very early in the process during set-up

Vendor



Generated data requires additional processing / wrangling

11

Integration

Variable selection

Data selection

Data normalization

///      PHUSE EU CONNECT 2022      ////      DH09      ///      Belfast      ///      November 2022

Transformation to e.g. SDTM
Push to operational database(s) 

Push to statistical analysis environment

Example only



„Softlanding“ 
New Data 
Sources -
Our Approach
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PHUSE EU Connect 2022
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Advanced Analytics Platform for the Clinical Data Environment (ALYCE)
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Fulfill patient data protection regulations and adapt to regulated environment

Provide elastic storage, retrieval and processing of large volume, velocity and variety of data

Offer innovative analytics tools to increase analysis speed

Thereby generate insights faster and more efficiently, increase operational efficiency 
and deliver new business value

*https://en.wikipedia.org/wiki/Data_wrangling
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Operational 
database

(Clinical Data 
Warehouse)

Sleep data

eCOA

Activity data 

other data sources

Ingestion
Quality check
Merge, Wrangling…
Visualizations
Notifications
End-2-End Pipelining
Advanced Analytics

2

3

1
Data 

ingestion

Data orchestration

ECG data
Push of 

Processed Data

Ingesting / Wrangling / Analysing new data sources in native format 
through modern cloud technologies and services
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Dashboards & 
Visualizations 

Alerts & 
Notifications 

Data 
validation 
gateway

Bad 
data

End-to-End Pipeline Automation

Data Source

B S G

Data processing

L

Landing Zone
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Notification on 
incoming data

Operational 
Database

Operational 
Database

Dataflow – ELTL Approach (Extract, Load, Transform, Load)

Quarantine 
check

Bad 
data

(any data, any format)
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Landing Bronze Silver Gold

Original data Filtered, cleaned, 
transformed data

Business-level 
aggregates: Query 

and export layer

Data Quality & Usability

Staging Approach in the End-2-End Dataflow

Original data in 
parquet format
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Parquet organizes the data in columns (Columnar Storage) - Binary, efficient compression
CSV organizes the data row-based (Row Storage) 
Parquet maximize effectiveness of querying the data

Example – File Size – CSV versus Parquet

*Note that the compression 
ratio depends on the content 
of the data, and I/O timings 
might vary at each attempt.

506

53

File Size (Mbyte) Write (s) Read (s)

Ti
m

e 
(s

)

3.1 1.6
9.9

46.6

Parquet

CSV

We tested performance of CSV versus Parquet to store data with ECG sample data
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ELTL Orchestration and Pipelining using Azure Data Factory
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ELTL Orchestration e.g. scheduling and connecting of various pipelines

Pipelining of different activities e.g. Ingestion, Check, Wrangling, Movement of Data



Azure Databricks & PySpark for ELTL

dbutils.widgets.text("databricks_metadata_path", "")dbutils.widgets.text("databricks_metadata_mnt", 
"")dbutils.widgets.text("databricks_landing_path", "")dbutils.widgets.text("databricks_landing_mnt", 
"")dbutils.widgets.text("databricks_bronze_mnt", "")dbutils.widgets.text("databricks_bronze_path", 
"")dbutils.widgets.text("databricks_actigraph_silver_path", "")dbutils.widgets.text("databricks_silver_mnt", 
"")dbutils.widgets.text("databricks_gold_mnt", "")dbutils.widgets.text("databricks_gold_path", "")stalyce_brmnt =
dbutils.widgets.get("databricks_bronze_mnt")stalyce_brpth =
dbutils.widgets.get("databricks_bronze_path")stalyce_slagpth =
dbutils.widgets.get("databricks_actigraph_silver_path")stalyce_slmnt =
dbutils.widgets.get("databricks_silver_mnt")stalyce_mdmnt =
dbutils.widgets.get("databricks_metadata_mnt")stalyce_mdpth =
dbutils.widgets.get("databricks_metadata_path")stalyce_ldmnt =
dbutils.widgets.get("databricks_landing_path")stalyce_ldpth =
dbutils.widgets.get("databricks_landing_mnt")stalyce_glmnt = dbutils.widgets.get("databricks_gold_mnt")stalyce_glpth
= dbutils.widgets.get("databricks_gold_path")
for file in received_files: in_path = BRONZE_PATH + file out_path = 'dbfs:' + SILVER_PATH + file print('Silver path for ' +
file + ': ' + out_path) df = spark.read.format("delta").load(in_path) # only load latest data distinct_ingestdates =
df.select('p_ingestdate').distinct().agg(max_(col("p_ingestdate"))) df =
df.filter(col('p_ingestdate')==distinct_ingestdates.collect()[0][0]) # drop headers df = drop_header_rows(df, metadata) 
# convert data types col_count_before = len(df.columns) print('Original number of columns: ' + str(col_count_before)) 
df = convert_data_types_based_on_metadata(df, metadata) df = convert_timestamp_data_types(df, metadata) 
col_count_conversion = len(df.columns) print('Number of columns after data conversion: ' + str(col_count_conversion)) 
# map the study number df = df.drop("study_number") df = df.withColumnRenamed('STUDYID', 'study_number') # map 
the subject_id to actual subject ID df = df.withColumnRenamed('SUBJECT', 'subject_id') # drop the duplicated values 
where all columns are the same count_before = df.count() df = df.dropDuplicates([c for c in df.columns if c not in
{'filepath'}]) count_after = df.count() print('Original number of rows: ' + str(count_before)) print('After deduplication: ' +
str(count_after)) print('Deleted duplicate rows: ' + str(count_before-count_after)) df = df.drop("value", "ingesttime", 
"filename", 'p_ingestdate') # these should always be dropped col_count_drop = len(df.columns) print('Number of 
columns after dropping: ' + str(col_count_drop)) # add the new ingest time df = df.withColumn('RefinedTime', 
current_timestamp()) col_count_after = len(df.columns) print('Number of columns after adding: ' +
str(col_count_after)) # reorder columns df = reorder_columns_based_on_metadata(df, metadata) # write to delta
df.write.format("delta").partitionBy('subject_id').mode("overwrite").save(out_path)

Python API for Apache Spark

Distributed computing framework

Optimized for high-volume and 
high-velocity data processing

In-built parallel processing and 
optimization

Spark structured streaming to 
process incoming data
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Example only



Monitoring incoming device data using interactive dashboards

Enable Clinical Trial Teams 
to monitor incoming data

Send notifications / alerts if 
a certain threshold in the 
data has been reached

Follow the patient’s journey 
more frequently 
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Summary

21

PHUSE EU Connect 2022
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DHT opens up possibilities for improved trial designs

Large volume, velocity and variety of (new) data

Handling new data sources with rich and complex datasets

Ingesting data more frequently and efficiently from different storage locations

Processing the data with modern languages optimized for rich and complex data

Benefit from state-of-the-art interactive visualization-technology

Automizing the End-2-End dataflow by using pipelining-technology

Summary

22

Using Cloud Computing Platforms can enable:
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Summar
y
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Thank you!

Looking forward to CONNECT.


