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Battery Emulation for Mission 
Critical IoT and Medical Devices 
Power continuity more important than ever 

IoT Is Becoming More Mission Critical 
As the IoT incorporates increasingly sophisticated technologies—artificial 
intelligence, augmented reality, edge computing, sensor fusion—engineers and 
product development teams tackle problems of increasing difficulty and 
importance. As the technical challenges grow, each of the 5 C’s + 1 of the IoT 
becomes more important. 

The 5 C’s + 1 of the IoT are listed below. 

Challenge Description Importance in Mission Critical IoT 

Connectivity Ensure robust, 
reliable connections 

Cannot accept delayed transmissions 
or lost data. 

Compliance  Comply to global 
requirements for 
market access 

Must not delay implementation or lead 
to recall. 

Coexistence Perform properly in 
crowded RF bands 

Must avoid interference that leads to 
packet loss, data corruption, and retries 
that drain battery charge. 

Continuity Optimize power 
consumption for long 
battery life 

Must ensure that battery powered 
devices last a long time, especially in 
implanted devices and emergencies 
where AC power is unavailable. 

Cybersecurity Secure devices and 
infrastructure from 
cyber threats 

Must not have denial of service, 
contaminated data sets, or interception 
of sensitive information. 

Customer 
Experience 

Deliver flawless, 
optimized user 
experience 

Must provide user reliable, intuitive 
applications that operate flawlessly and 
seamlessly from end to end on multiple 
platforms. 

Battery Life is 
Challenging and 
Important 

Power continuity is one 
of the 5 C’s + 1 of the 
IoT. In many 
applications, devices 
are expected to work 
for a long period of 
time – often more than 
10 years. Engineers 
can use battery 
emulation to get 
devices to market 
quickly with optimal 
battery life. 
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Increasing demands on device batteries 
As the need for edge computing increases, so do the demands on battery powered devices. It is no 
longer enough for a simple IoT sensor device to take a few measurements, transmit data to a hub or 
access point, and then return to sleep. Mission critical devices often incorporate multiple sensors, 
numeric processors, six-axis accelerometers, voltage converters, power management systems, 
cameras, image processors, microphones, multiple radios, memory, encryption processors, and other 
hardware components that drain charge from the battery. 

Furthermore, IoT devices are operating in increasingly challenging environments, including changing 
environmental conditions, irregular duty cycles, and electromagnetically crowded industrial, scientific, 
and medical (ISM) bands. All of these factors often combine to put unprecedented demands on device 
batteries. 

For medical devices, long battery life often has life safety implications. Even when batteries are used in 
non-critical applications, premature failure can lead to complaints in post-market surveillance that is 
monitored by regulatory agencies. If these complaints become excessive or lead to increased patient 
risk, this can lead to significant costs for the manufacturer. 

Challenges for Battery Test During Product Development 
There are several challenges for battery test during the R&D phase of product development. Using real 
batteries might seem like an ideal solution, but there are limitations associated with using real batteries. 

Difficulty in determining initial state of charge 
Batteries are generally fully charged when they leave the factory, but the minute they leave the charging 
machine, they begin discharging due to internal resistance. This self-discharge rate varies by battery 
technology; lithium-ion cells have a lower self-discharge rate than nickel-cadmium (NiCad) or nickel 
metal hydride (NiMH) batteries.1 The rate at which the battery discharges varies as a function of both 
time and temperature, and this decrease in performance is sometimes referred to as calendar fade.2 
Because of these factors, an engineer cannot assume that a new battery is at exactly 100% state  
of charge. 

Variation within and across manufacturing lots 
As with any manufacturing process, battery manufacturing is subject to normal variations. Even within a 
given lot code or date code, batteries coming off the manufacturing line are not identical. There is often 
additional variability across different factories. This does not mean that manufacturers necessarily 
release batteries that are out of specification. It is simply to say that every manufacturing process has 
some variability; the tolerances are there for a good reason. Because of this, battery run-down tests 
should be conducted with batteries from different lot codes acquired at different times. 
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Variation due to recharging 
A re-charged battery has discharge characteristics that differ from when the battery was new. This 
effect, known as cycle fade, is due to several mechanisms that affect both the cathode and the anode. 
For example, on a lithium secondary cell, the anode undergoes aging due to several processes, such as 
graphite exfoliation, electrolyte decomposition, and lithium plating that leads to corrosion. Similarly, the 
anode undergoes aging due to several factors, including binder decomposition, oxidation of conductive 
particles, micro-cracking, and structural disordering.3 You can limit this variability by ensuring that the 
battery is fully charged and using a battery cycler to condition the battery by cycling it from fully 
discharged to fully charged.  

The Importance of Battery Emulation 
Some engineers try to use a basic DC power supply to emulate a battery for battery run-down test. This 
method can be accurate, but only if the engineer uses a specialized battery emulator that models its 
output according to a battery profile. A standard power supply does not perform like a battery, but 
battery emulators use specialized features such as programmable output resistance and fast transient 
response to emulate a real battery. It does this by programming its output based on a model created 
from a real battery. This model typically includes parameters such as state of charge (SoC), open circuit 
voltage (Voc), and series resistance (Ri) measured over time as the real battery discharges. The battery 
emulator uses these parameters to continuously adjust its output to emulate a real battery. 

Battery emulation is important because the design engineer must measure charge consumption and 
battery run-down in a consistent way as the engineer modifies the hardware configuration and firmware 
program. Without a consistent battery emulation, the engineer cannot know whether the variation in run-
down time is due to the various changes or variability in the batteries used to perform the run-down test, 
as described above.  

For example, the engineer can use the Keysight BV9210B advanced battery test and emulation 
application software to profile and emulate a battery quickly and easily. The software uses the Keysight 
N6705C DC power analyzer and the N6781A and N6785A source-measure unit (SMU) modules to 
create a complete battery profile and emulation solution. An engineer can use this solution to charge or 
discharge a battery of any chemistry to create a battery model of up to 200 points, with each point 
including the battery's open circuit voltage (Voc), series resistance (Ri), and state of charge (SoC). 

The solution can then use this model to emulate battery behavior in real time. By simply using the 
battery emulator, the user can avoid needing to use an actual battery, which eliminates all of the 
associated uncertainty and variability. In addition, the battery emulator lets the user quickly set the state 
of charge (SoC) to any point in the model at the beginning of a test. For example, you may want to see 
how the device behaves near the end of battery life by setting the SoC to 15% and then starting the test. 
If you were to use an actual battery, you would have to discharge an actual battery to that level and 
verify that it was at that level. This poses at least three challenges. First, you would have to discharge a 
battery to get it do the desired SoC. This could take hours on a real battery, but you can set the SoC on 
a battery emulator in a fraction of a second. Second, you would have to have some method to 
determine the SoC of the battery. Third, every time you charge or discharge a battery, you change the 
battery behavior due to the cycle fade phenomenon mentioned above.  
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Using the Results 
The engineer can use the information at states of charge near the end of battery life to thoughtfully 
degrade device performance to extend device runtime. For example, the engineer could choose to 
transmit data half as often as usual. In addition to extending battery life, this change in transmission 
frequency alert the user that the battery is running out. The engineer could also decide to transmit only 
minimum and maximum data values rather than all data or only transmit when values change by more 
than one percent. The engineer could also choose to refuse firmware updates once the SoC falls below 
a small percentage. There would be little point in having a device run out of battery life during the middle 
of a firmware update. 

Of course, these are only a few examples of decisions a design engineer could make. The actual 
possibilities depend on the engineer’s imagination and the nature of the application. 
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Conclusion 
Battery life is becoming increasingly important as the IoT moves into more mission critical applications. 
It is also increasingly important in medical devices, especially those implanted in the human body or 
otherwise used in life-safety applications. Using real batteries to test these devices leads to many 
problems during the product development process. 

Measuring and optimizing battery life in battery-powered devices is challenging. Engineers can use the 
Keysight BV9210B advanced battery test and emulation application software along with the N6705C DC 
power analyzer and the appropriate SMU modules to create battery profiles with up to 200 points. They 
can then use these profiles to emulate the battery and get fast insights into battery performance at 
various states of charge and modify firmware to optimize device performance. 
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