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F E A T U R E D  A R T I C L E S Healthcare Measurement Technologies for Enhanced QoL

1. Introduction

Digital biomarkers (DBMs) are objective indicators of a 

person’s mental and physical condition based on physi-

ological or behavioral characteristics. Th ey have attracted 

attention in recent years because of the growing importance, 

in the fi elds of health promotion and the prevention and 

treatment of disease, of practices for improving people’s 

quality of life (QoL) that involve recording physiological 

data on a daily basis to facilitate appropriate treatments or 

other interventions.

Th e health information collected for DBMs include 

both physiological and behavioral indicators. Among the 

former are heart rate, pulse, blood pressure, electrocardio-

grams (ECGs), electrodermal activity, and blood sugar 

levels. Th e latter are determined by measuring things like 

walking, bodily movements, speech, and eye movement. 

Opportunities for using these indicators in health promo-

tion include health management, driving safety, workplace 

safety, and sporting performance. In care prevention (pre-

venting the need for people to receive nursing care) and the 

prevention and treatment of disease, potential uses include 

early detection and preventing the onset or aggravation of 

disease, digital therapeutics, digital clinical trials, and online 

consultations.

Th e sensing techniques used for DBMs come in many 

diff erent forms (see Table 1). Th ey can be divided into non-

invasive techniques, including ambient sensing and sensing 

techniques that are portable, app-based, wearable, or make 

use of augmented reality (AR) or virtual reality (VR), and 

invasive techniques that are implanted or ingested.

Ambient sensing may be based on electrical appliances 

and work by detecting their frequency of use, or may be 

installed in living spaces, such as in a wall, bed, or toilet, 

to assess things like bodily movement, vital signs, and the 

condition of excretions. Portable sensors include breath 

alcohol meters and non-invasive blood sugar meters that 

work by means of a mid-infrared laser. Examples of app-

based sensing, there are many of them, might include the 

use of a smartphone or PC camera to assess motor function 
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Digital biomarkers are objective indicators of a person’s mental and physical condi-
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indicators in people’s daily lives is a useful tool for improving QoL through appropriate 
interventions or by encouraging behavioral change. Aft er first classifying the diff erent 
digital biomarkers from the perspective of sensing techniques and showing recent trend, 
this article presents examples of where digital biomarkers that have been the subject 
of research and development by Hitachi are used in health promotion or in care and 
disease prevention.

QoL Improvement and Preventive 
Measures Utilizing Digital Biomarkers



Hitachi Review Vol. 71, No. 4 466–467 57.

or mental health. Wearable sensors include smartwatches 

and other wristband sensors as well as those that form part 

of rings, glasses, badges, or clothing. In addition to bodily 

movements, these wearable sensors can measure things 

like heart rate, ECGs, electrodermal activity, and respira-

tion. Uses of AR or VR in sensing include assessing vision 

and brain function by recording an electroencephalogram 

(EEG) or measuring movements while the user is presented 

with visual information in a virtual space.

Invasive sensing techniques can be implanted or ingested. 

An example of the latter is the oral ingestion of a sensor to 

record internal body temperature or whether medication 

is being taken. Implanted sensors can be used to measure 

blood sugar, either by placing them under the skin or incor-

porating them into contact lenses.

While these implanted or ingested sensors can mea-

sure what is happening inside the body, their invasive 

nature places a heavy burden on the patient and safety 

Sensing Technique Example sensors Measurement indicator Example uses

No
n-

in
va

si
ve

Ambient

Appliance-
based Electric kettle Frequency of kettle use Monitor elderly or other subject based on frequency 

of kettle use

Home use

Monitoring and in-home sensors Activity level Attach to walls of home to monitor elderly, etc.

Sleep evaluation bed
Respiration rate, pulse 
rate, sleep, wakefulness, 
movement

Used at aged care facilities to enhance care plans, 
reduce staff  workloads, and improve resident living 
practices

Smart toilet incorporating stool 
analysis

Urine composition and 
flow rate, stool shape and 
hardness

Check for signs of illness such as irritable bowel 
syndrome, infectious disease, bladder cancer, renal 
failure, or diabetes

Portable —

Non-invasive blood sugar 
sensors Blood sugar level

Blood sugar measurement by placing hand over 
high-intensity mid-infrared light, avoiding need for a 
blood sampling

Breath alcohol meter Breath alcohol Suitable for uses such as preventing alcohol-impaired 
person from driving

App-based

Smartphone 
app Gait evaluation app Walking

Use smartphone camera to observe elderly when 
walking to provide various forms of information such 
as walking speed

PC app Facial image analysis soft ware 
for mental health assessment

Pulse determined from facial 
images

Assess mental health of staff  working from home and 
utilize for health management

Wearable

Wristband Smartwatch
Heart rate, ECG, movement 
(falls, walking), VO2max, 
electrodermal activity

Pulse of atrial fibrillation patients, ECG, analysis of 
living practices
A clinical trial is underway looking at analysis of 
movement symptoms in Parkinson’s disease

Ring-based Smart ring Exercise, heart rate, SpO2, 
ECG, electrodermal activity

Use of ring sensors to assess condition, activity, and 
sleep

Glasses Smart glasses Ocular potential, 
acceleration

In addition to data on posture and sitting or standing 
time, sensors embedded in a pair of glasses can 
also support mental health self-care by assessing 
immersion, stability, and vitality from eyeball 
movements

Badge-based Nametag sensor Acceleration Calculation of employee happiness from bodily 
movement data collected by nametag sensors

Clothing Smart pajamas Bodily motion, heart rate, 
respiration, bed temperature Analysis of REM and deep sleep states

AR/VR-based

AR-based AR app for assessing cognitive 
function

Performance at finding 
objects in AR space Use for early detection Alzheimer’s disease

VR-based VR headsets for brain function 
assessment

Eye movement, head 
movement, EEG, 
myoelectricity, and ocular 
potential

Early detection of glaucoma by using VR and 
encephalography to detect loss of peripheral vision

In
va

si
ve

Ingestible Orally 
ingested

Orally ingested thermometer Internal body temperature
Accurate measurement of internal body temperature 
for monitoring state of health and early detection of 
disease

Orally ingested medication 
sensor

Taking of medication by 
mouth, activity level

Swallow tablet containing a miniature sensor to 
monitor taking of oral medication
Used to augment treatment of conditions such as 
schizophrenia

Implanted

Contact 
lenses Smart contact lenses Blood sugar level Use tears to measure blood sugar level, administer 

eye drops

Subcutaneous 
implant

Subcutaneous blood sugar level 
sensor Blood sugar level

Continuous measurement of blood sugar levels for 
patients with Type 1 diabetes to issue alerts if level is 
too low or high

EEG: electroencephalogram   ECG: electrocardiogram   AR: augmented reality   VR: virtual reality   SpO2: arterial oxygen saturation of pulse oximetry   
VO2max: maximal oxygen consumption   REM: rapid eye movement

Table 1 — Example DBMs and Sensing Techniques Used
The table lists example digital biomarkers (DBMs), classifying them along with their example use: ambient, portable, app-based, wearable, AR or VR, 
ingestible, or implanted sensors (in order of low invasiveness).



58.

considerations discourage their widespread use. Non-

invasive sensors, on the other hand, do not place much 

stress on the patient so are suited to a wide range of uses 

despite their being limited to measurements made by non-

contact means or through the skin.

Accordingly, the Research & Development Group of 

Hitachi, Ltd. has been working to develop DBMs that can 

be obtained from ambient, portable, app-based, or wearable 

sensors, focusing on their use in a wide range of applications 

involving health promotion or care and disease prevention. 

Th is article describes these various DBMs and the plans 

for the future.

2. DBMs for Health Promotion

Th is section describes DBMs developed by Hitachi for 

health promotion. Section 2.1 is about an ambient and 

app-based DBM for assessing and improving body func-

tions aimed at improving worker health. Section 2.2 and 

2.3 are about wearable-type DBMs and describe a sports 

team analysis technique for improving group performance 

and operational safety in the transportation industry that 

reduces driver accident risk, respectively.

2. 1
Techniques for Assessing and Improving Body 
Function Aimed at Improving Worker Health

Interest in health management practices has grown in recent 

years as a means of maintaining and improving the health 

of workers so that they continue to work productively. Th e 

challenge here is to fi nd ways of encouraging behavioral 

changes in workers that will maintain and improve their 

health. To achieve this, Hitachi has developed simple 

DBMs for quantifying body functions together with ways 

of using these DBM assessments as a basis for improv-

ing those functions. Th e following section describes two 

techniques for evaluating and improving static and dynamic 

body functions, respectively.

(1) Posture Assessment and Improvement

Th is section describes a method for assessing and improv-

ing static body function (posture). Impairment or loss of 

steadiness in body functions is related to joint movement 

range and muscle balance(1). Skeletal characteristics (includ-

ing angle of upraised arms, crouching angle, and inner knee 

angle) can be identifi ed from full-body camera images of 

postures that highlight such conditions, such as standing, 

overhead squat (see Figure 1), arm raising, bending, and sit-

ting. Th ese can then be assessed to see how they diff er from 

reference values or what is normal for the person concerned.

Inconsistencies in joint movement range or muscle bal-

ance can be caused by excess strain or inadequate relaxation 

of muscles attached to the skeletal frame. To overcome this, 

Hitachi has worked on the development of a system that 

uses these DBM measurements as a basis for suggesting 

techniques to improve muscle fl exibility and strength(2). Th e 

effi  cacy of this system is currently being evaluated.

(2) Exercise support and assessment

Th is section describes a method for assessing and 

improving dynamic body functions (movement). With 

working from home having become more common in an 

eff ort to halt the spread of COVID-19, increasing numbers 

of offi  ce workers are suff ering from a lack of exercise. In 

response, Hitachi has developed an app off ering exercises 

that are both short and suitable for the confi ned spaces of 

people’s homes(3).

Th e app uses a tablet computer to display video of a 

trainer demonstrating exercises for the user to follow. Th e 

user’s actions are recorded by the tablet’s front-side camera 

and the images used to obtain skeletal information in real 

time and to count the number of times they follow the cor-

rect movements [see Figure 2 (a)]. Working in partnership 

with Waseda University, four grades of exercise have been 

developed and incorporated into the app so that even offi  ce 

workers unused to exercise will have no trouble completing 

them. Th ese range from the low-impact Step 0 exercises 

to the more demanding Step 3 exercises [see Figure 2 (b)]. 
Each session lasts for about 10 minutes and none of the 

exercises require more than a few square meters of fl oor-

space. Users start at Step 0, with progress to the next step 

being determined automatically based on the app’s auto-

matic count and on a subjective evaluation of how tiring 

the user found the exercise.

When the app was used by 41 Hitachi staff  over a two-

month period, a majority of the participants (25 people, 

61%) stuck with the program through to its completion. 

Similarly, 19 of the participants (46%) maintained the rec-

ommended exercise frequency of three or more times a 

week. More work is being done on the exercise options 

and assessment methods in the hope of further improving 

the retention rate.

Figure 1 — Assessment of Overhead Squat as Part of Posture 
Assessment and Improvement
Hitachi has developed a system for identifying over- or under-exertion 
of specific muscles and off ering timely programs for improving flexibility 
and strength. The system determines 17 musculoskeletal parameters 
when the user adopts this pose.
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In addition to health management, the two DBMs 

described in (1) and (2) also have potential for use in the 

prevention of symptomatic and pre-symptomatic illness 

in daily life, support for health maintenance and improve-

ment, the assessment of people recovering from illness, and 

mental and physical health monitoring for people living 

with a disease.

2. 2
Sports Team Analysis Technique for Group 
Performance Improvement

Sport has come to recognize the potential coaching ben-

efi ts of quantitative and objective assessments of athlete 

performance that are based on the analysis of data collected 

from sensors. While greater use is now being made of indi-

vidual performance indicators such as exercise intensity and 

speed, there has been a lack of eff ective techniques such as 

video analysis for considering the equally important issue 

of group performance that looks at the interrelationships 

between the movements of multiple players. Th e problem 

has been that it is diffi  cult for a coach in the fi eld to gain an 

objective assessment of how the players in a team interact 

in their movements so that this can be used to provide 

eff ective coaching.

In response, Hitachi has devised an analysis technique 

that uses transfer entropy as an estimate of latent informa-

tion transfer determined from sensor measurements of accel-

eration from two players. Th e suitability and utility of the 

technique was then assessed by collecting acceleration data 

from an under-18 football team playing a practice game(4).

Transfer entropy is also used as a means of estimating 

nerve propagation from time-series signals on the activity of 

diff erent neurons captured by encephalography (brain mea-

surements). While a variety of standard analysis techniques 

are available for investigating how two signals are related to 

one another, including linear techniques such as cross cor-

relation functions and coherence functions, and non-linear 

techniques such as mutual information and related relative 

entropy (Kullback-Leibler divergence), these are not well 

suited to analyses that also seek to determine the direction 

of information fl ow (cause-and-eff ect relationships).

Th is has led to greater use being made of transfer entropy 

over recent years because it can be used to determine these 

cause-and-eff ect relationships. It has also been shown that 

transfer entropy can be used when signals vary in a non-

linear fashion. Accordingly, Hitachi devised its own analysis 

technique that converts acceleration data from two of the 

players in a game into a series of normalized discrete vari-

ables to calculate transfer entropy (see Figure 3). Th is was 

used to develop a system that represents the structure of 

latent information transfer between players in a team sport 

visually in the form of a network (see Figure 4).

A review of transfer entropy calculated using the accel-

eration data from wearable devices attached to football 

team players found that the transfer of information from 

the opposing team was higher by a statistically signifi cant 

Warm up

Abdominal 
exercises

Muscle 
strength 
exercises

Cool down

Approx. 
exercise time

Abdomen

Major 
muscle 
groups

Neck and 
shoulders

Body part Step 0 Step 1

Sit ups (×20)
Diagonal hand to leg stretch (×20)

Squat against wall (×20)

Shoulder rotate (×10)

10 minutes approx.

Step 2 Step 3

Upper body waist bend care (×10) Upper body waist bend care (×10) Upper body waist bend care (×10)

Side twist (×20)
Diagonal bend and straighten (×20)

Abdominal twist (×20)
Diagonal bend and straighten (×20)

V abdominal (×20)
Same-side bend and stretch (×20)

Hip lift (×20)
Squat (×20)
Lateral weight shift (×20)

Shoulder stretch (×10)
Cat and dog (×10)

One-leg hip lift (×20)
Squat with heel lift (×20)
Side steps (×20)

Single-knee bend and stretch
Split squat (×20)
Twist step (×20)

Shoulder rotate (×10)
Cat and dog (×10)

Shoulder rotate (×10)
Cat and dog (×10)

10 minutes (8 minutes) approx. 10 minutes approx. 10 minutes approx.

Low High
Exercise intensity

Start from Step 0 Advance based 
on exercise level

(a)

Tablet computer

Tablet screen

Breathe out

Users exercise by following instruction videos that play on the tablet

(b) Supervised by Dr. Norikazu Hirose, 
Waseda University

Breathing instructions are given, 
prompting the user to breathe out as 
they bend and breathe in as they relax

Skeletal information is collected from 
the real-time images to determine 
whether the user is exercising correctly

Count of the number of times the exercise 
was completed correctly

Instruction on how to exercise is provided 
by audio and video of a trainer

Figure 2 — Exercise Support and Assessment
The figure at the top (a) shows how the exercise app is used on a tablet computer. The table (b) lists the exercise options available in the app. Users can 
work their way up through levels of exercise intensity from Step 0 to Step 3.
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margin for those coordinated off ensive plays that the coach 

deemed successful, suggesting that this can be used as an 

indicator of group performance in team sports. Th is indi-

cates that the technique has the potential to provide coaches 

with a quantitative and objective way of easily assessing how 

player movements relate to one another during training.

Hitachi intends to continue collecting data over a longer 

period of time with a view to the future development of 

systems that can use data as a basis for determining training 

eff ectiveness and changes such as player growth.

2. 3
Operational Safety for Reducing Driver Accident Risk

Th e transportation industry that underpins essential ser-

vices also has a social responsibility to maintain safe opera-

tion, with this being its top management priority. It is the 

practice of the trucking industry in Japan to check driver 

condition before starting work so as to prevent crashes 

caused by their state of health. Unfortunately, this does not 

help assess the risk of accidents due to driver fatigue, stress, 

or inattention while on the road. While existing products 

are available for monitoring drivers as they drive, these are 

largely intended to detect sleepiness and cannot measure 

the fatigue that lies behind it. As a result, there is a lack 

of adequate measures for dealing with inattentive driv-

ing, recognized as one of the major causes of accidents. In 

response, Hitachi set out to create a smart safety technique 

that can automatically collect physiological information 

from drivers while they are driving to respond to changes 

in their physical condition in real time.

By using a non-invasive sensor worn on the shirt to 

collect heartbeat data while driving, this technique is able 

to detect the sort of driver fatigue that results in near-miss 

situations. Such heartbeat data was collected from more 

than 1,000 drivers and analyzed along with accompanying 

vehicle performance data to determine how the data relates 

to the autonomic nerve functions associated with near-miss 

situations and fatigue.

Using this data, a technique was fi rst developed for using 

the vehicle performance data on its own to estimate how 

i1 i2 in-m-1 in-m in-2 in-1 in in+1

j 1 j 2 j n-m-1 j n-m j n-2 jn-1 j n j n+1

…

…

…

…

in
(m)

Time step

(4) Calculate transfer entropy from two stochastic variables(1) Acceleration measurement by wristband sensor

(2) Estimate exercise intensity from 
acceleration amplitude

Player (I) Player (J)

(3) Convert to normalized and discretized 
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Figure 3 — Calculation of Transfer Entropy 
between Players
For two sets of time-series data (I and J), trans-
fer entropy can be used to calculate the relative 
change in uncertainty for predicting the future 
state of I when done using only past I data and 
when both past I and J data are used.

Player

Team A Team B

No. No.

Transfer entropy

(Within team) (Between teams)

Closeness centrality

Low High

Figure 4 — Representation of Information 
Propagation Networks
Whether and in what direction to make con-
nections in the directed graph are determined 
based on when a bidirectional diff erence in the 
transfer entropy between two players exceeds a 
given threshold and there is a clear unidirectional 
transfer of information between the two players.

METs: metabolic equivalents
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dangerously a driver is driving (risk of near-miss situa-

tions), thereby providing a quantitative assessment of the 

risk of near-miss situations in routine driving where no 

crashes occur. Th e results of a machine learning analysis of 

the large amounts of routine driving data made available 

by this system(5) found a strong relationship between the 

risk of near-miss situations and autonomic nerve function 

characteristics determined from variations in heartbeat, 

indicating that fatigue increases the risk of accidents (see 

Figure 5)(6). In other words, because use of this wearable 

device for continuously collecting heartbeat data enables 

driving accident risk to be predicted with a high degree 

of accuracy before fatigue or other deteriorations in driver 

condition become severe, it should be possible to prevent 

accidents by providing a real-time notifi cation to the driver 

or their supervisor.

Hitachi plans to utilize this technique to improve driver 

safety and operational management under the new normal 

by off ering it as a service and marketing it not only for 

trucking but also to other potential applications in the wider 

transportation industry such as buses and taxis(7).

3. DBMs for Care and 
Disease Prevention

Th is section describes DBMs developed by Hitachi for care 

and disease prevention. Section 3.1 introduces an ambient 

DBM for assessing muscle activity to prevent falls among the 

elderly, and section 3.2 introduces a portable DBM that uses 

fi nger motion analysis for the early detection of dementia.

3. 1
Muscle Activity Analysis to Prevent Falls by Elderly

Falls or broken bones resulting from muscle wastage are 

among the reasons for the elderly needing to go into nurs-

ing care. Regular exercise to maintain muscle strength helps 

prevent such outcomes. For such an exercise regime to be 

sustained, it is important to maintain and improve the par-

ticipants’ motivation by providing tangible indications of 

its eff ectiveness. To achieve this, Hitachi has developed 

a system that uses the musculoskeletal analysis of images 

from an in-room camera to assess how the person is benefi t-

ting from muscle strength exercises in terms of fi ve aspects 

of muscle activity, namely power, fl exibility, instantaneous 

power, staying power, and fatigue (see Figure 6)(8).

Musculoskeletal analysis is a technique for using motion 

capture to measure joint positions and estimate the asso-

ciated forces and muscle activity. In the case of clinical 

research, large-scale motion capture systems are used for 

this musculoskeletal analysis to meet the requirement for 

millimeter accuracy in the measurement of joint positions. 

In this system, in contrast, a commercially available three-

dimensional (3D) camera is used, allowing for easier instal-

lation at aged care facilities. Unfortunately, the 3D camera 

produces variability in the measurement results, which 

degrades the accuracy of the musculoskeletal analysis.

Collected 
driving data 

(for more than 
1,000 drivers)

Heartbeat data

Vehicle data

Speed 
and 

acceleration

Feature 
extraction 

for risky 
vehicle 

behavior

Heart rate 
variability 
analysis

Feature values 
for vehicle 
behavior

Feature values 
for autonomic 
nerve function

Near-miss classifier 
(outputs 

probabilities)

Frequency

Calculate feature values and 
corresponding near-miss 
probability distribution

Low Near-miss probability High

Fatigue

Large

Medium

Small

Low Near-miss probability High

Frequency
Accident risk

Distribution 
evaluation function

Select feature values that 
correlate most strongly with 

probability distribution

Convert near-miss 
probability distribution 

to accident risk

Accident risk 
assessment table

Heartbeat data

Accident risk prediction (real time)

Heartbeat 
variability 
analysis

Feature values for autonomic nerve function

Accident risk 
calculation

Threshold 
judgement

Notify

Feature value 1 Feature value 2
Accident risk

Feature values for autonomic 
nerve function

:::

0.43 0.68 0.71

Figure 5 — Accident Risk Prediction Using Feature Values that Correlate Strongly with Near-miss Situations
Hitachi developed an algorithm for using collected driving data to assess the risk of a driver being involved in an accident. The driving data includes 
vehicle data indicative of near-miss situations, such as sudden braking, and heart rate data that can be used to estimate the autonomic nerve function 
associated with fatigue. By compiling an accident risk assessment table that models the relationship between fatigue and the probability of a near-miss 
situation, it becomes possible to predict accident risk in real time from the driver’s heart rate data collected as they drive the vehicle.
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olfactory testing, and cognition testing conducted using 

a tablet computer, none of these are ideal, with issues that 

include the discomfort of blood sample collection, long 

testing times, and problems with accuracy.

To produce its own screening test, Hitachi looked at the 

motor skills associated with two-handed fi nger movements 

and developed a technique for analyzing the waveforms 

generated by tapping the fi ngers of two hands (repeated 

opening and closing of the thumb and forefi nger). Th e mea-

surement is performed using a fi nger tapping device with a 

magnetic sensor supplied by Maxell, Ltd. that is both simple 

to use and safe(10). Being portable, the device is also suitable 

for collecting measurements wherever is convenient at an 

aged care facility or hospital. Th e above analysis technique 

was used to obtain 21 basic feature values relating to fi nger 

tapping, including movement amplitude, tap interval, and 

phase diff erence between hands, and 23 additional feature 

values such as how long the fi ngers are in contact and the 

similarity between the movement waveforms from the left 

and right hands that indicates when rhythmic hand move-

ment function is impaired.

Using this analysis technique, the National Center for 

Geriatrics and Gerontology (NCGG) collected fi nger tap-

ping measurements from 23 outpatients with full or preclin-

ical Alzheimer’s and 22 elderly people in good health. Th e 

results were then assessed in terms of how they correlated 

with the patients’ score on the mini mental state examina-

tion (MMSE) questionnaire(11), (12). A statistically signifi cant 

diff erence between the healthy and Alzheimer’s groups was 

To overcome this problem, Hitachi developed a correc-

tion algorithm for skeletal coordinates that uses the struc-

ture and biomechanical characteristics of the human body 

as a basis for highly accurate real-time correction of the 

joint position measurements(9). To perform this correction, 

the algorithm solves an optimization problem in which the 

constraints are that distances between joints remain con-

stant due to the rigidity of the human skeleton [see Figure 6 
(b)] and that changes in joint position occur smoothly [see 

Figure 6 (c)]. Use of the algorithm reduced the variability in 

the measurements to approximately one-third of the level 

in the uncorrected data.

When trialed for three weeks on six residents of a retire-

ment home, use of the system succeeded in maintaining 

or improving motivation for persevering with the exercise 

program among fi ve of the six participants. In the future, 

Hitachi intends to further improve the accuracy of the sys-

tem through trials with a wide variety of customers with the 

aim of making services that can be wholeheartedly enjoyed 

by the elderly widely available.

3. 2
Finger Motion Analysis for Early Detection of 
Dementia

As society ages, the number of people suff ering from 

Alzheimer’s disease continues to increase year by year. 

Detected early, however, onset of the condition can be 

delayed by drugs. Unfortunately, while screening tests for 

Alzheimer’s do currently exist, including blood testing, 

Week 1

Knee Knee

Knee extended Knee bent

Length of 
thigh bone Length of 

thigh bone

Thigh Thigh

Lower legLower leg Length of 
lower leg bone

Length of 
lower leg bone

Subject A

Fatigue

Staying power Instantaneous power

Flexibility

Power 86 points

71 points

97 points 97 points

Male

(b)

(c)

Unnatural movementNatural human movement

Knee position

Knee position

−ip t, +1

ip t, +1

ip t, +1

t +1
ip t,

ip t,

−ip t, ip t, −1

ip t, −1

ip t, −1

tΔ

tΔ
>0

−ip , ip t,

tΔ
<0

−ip t,

ip t,

l 2l 2

l 1

l 1

ip t, −1

tΔ
>0

>0

Direction of joint movement 
changes smoothly during the 
micro time (t-1) to t, t to (t+1)

Sudden change in direction of 
joint movement during the 
micro time (t-1) to t, t to (t+1)

(a)

Subject B

Fatigue

Staying power Instantaneous power

Flexibility

Power 94 points

89 points

Week 1 Week 2 Week 3

98 points 98 points

Female

Figure 6 — System for Assessing Exercise Eff ectiveness and Technique for Muscle Activity Analysis
The diagram (a) shows how the system for assessing exercise eff ectiveness is used. The system determines the muscle activity of elderly subjects using a 
simple and enjoyable exercise in which they are asked to step on flashing floor panels in time with the lights. As shown in diagram (b), the rigidity of the 
human skeleton requires that distances between joints are the same regardless of whether the knee is bent or straight. Similarly, as shown in diagram 
(c), natural human movement is such that changes in the direction of joint position movement during the micro time occur smoothly.
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Hitachi also intends to help improve people’s QoL in the 

health promotion and disease and care prevention sectors 

by providing support for appropriate interventions and 

behavioral changes based on DBM measurement results.

found for the measurements of alternately tapping the fi n-

gers of opposing hands [see Figure 7 (a)]. Similarly, a strong 

correlation with the MMSE score was found for the vari-

ability in the phase diff erence between the left and right 

hands for in-phase fi nger tapping (correlation coeffi  cient 

r = -0.78) and how long the fi ngers were in contact dur-

ing anti-phase fi nger tapping (r = -0.71) [see Figure 7 (b)]. 
Building on these results, further work is being undertaken 

on using this analysis technique as a means of assessing 

Alzheimer’s(13), (14).

If the further development of this technique can pro-

duce an accurate screening test that imposes little stress on 

the test subjects, it should facilitate the early detection of 

Alzheimer’s, helping to improve patient QoL and to reduce 

medical and nursing care costs.

4. Conclusions

Hitachi has been working to develop ambient, portable, 

app-based, and wearable DBMs that do not stress users and 

largely involve the measurement of bodily movement and 

vital signs. Th ese are intended to promote health through 

health management, workplace safety, and sporting perfor-

mance analysis, and to facilitate disease and care prevention 

in areas such as avoiding falls and the early detection of 

dementia. Future plans including expanding the range of 

measurements and scope of application around these core 

DBMs while also developing additional DBMs to provide 

a multifaceted view of people’s mental and physical health. 
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Figure 7 — Results of Finger Motion Analysis of Dementia Patients
The graphs (a) show the typical waveforms obtained for anti-phase finger tapping motion. The waveform for the Alzheimer’s patient is erratic compared 
to that of the elderly person in good health. Graph (b) shows the correlation between finger tapping feature values and the severity of dementia assessed 
by a physician.

MMSE: mini mental state examination
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