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Presenter
Presentation Notes
The plug-and-play-based Indiana Design undertook both acoustic and photographic monitoring, and used a smartphone backup battery to accommodate more variable climatic conditions. 

Vertically mounted box with 2 solar panels for power.
Horizontally mounted box with no solar panels.  The smartphone is connected to an external battery inside the box (both fully charged), and will collect monitoring data until it runs out of power.



Station Set Up

• Much of the station can be pre-built indoors, and then attached to the pole when ready.

• Key elements:
• Polycarbonate box with knock-outs
• Microphone
• Solar panels and solar arm
• Post

• Miscellaneous elements:
• Post pounder 
• Stickers (for the box)
• Permatex anti-seize lubricant (for coating stainless steel screws).
• MC4 assembly tool (for disconnecting MC4 connectors).
• Zip ties 
• USB power monitor (testing panel power delivery)
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Equipment needed (to do): 

Item
Price per unit 

($ USD) Product ID Link
             5V 1A Switching (Fixed) Regulator 15 DE-SW050 https://www.dimensionengineering.com/products/de-sw050

Short (6" A/MicroB) USB Cords (Phone to power 
cable) 1.85 https://www.sparkfun.com/products/13244

Long (3.00' /914.4mm) USB Cords (Power cable to 
solar conXall) 0.95 N82E16812423068 http://www.newegg.com/Product/Product.aspx?Item=N82E16812423068

ConXall Inline SKT  (For connecting external mic on 
inside of box) 3.99 SC1203-ND http://www.digikey.com/product-search/en?vendor=0&keywords=SC1203-ND

ConXall PNL MNT PN (For connecting external mic 
on outside of box) 2.55 SC1206-ND http://www.digikey.com/product-search/en?vendor=0&keywords=SC1206-ND

ConXall PNL MNT SKT (For connecting power 
cable on outside of box) 3.24 SC1207-ND http://www.digikey.com/product-search/en?vendor=0&keywords=SC1207-ND

ConXall inline PN (for connecting power cable on 
inside of box) 3.46 SC1202-ND http://www.digikey.com/product-search/en?vendor=0&keywords=SC1202-ND

JLI microphones 1.9 http://www.jlielectronics.com/products/JLI%252d61A.html
Foam Windscreens (for microphones) 1.198 http://www.amazon.com/gp/product/B00B6KMDU8

1120 Pelican Case 21.95 https://www.pelican.com/us/en/product/cases/protector/1120
TRRS Audio Cable 1.85 https://www.sparkfun.com/products/11580

ALEKO 10W solar panel (mono) (14x11x1 in, 3.5 
lb) 39.99 http://www.amazon.com/ALEKO%C2%AE-10W-10-Watt-Monocrystalline-Solar/dp/B007YT5XCA

Phones (Motorola Moto E 2nd Generation LTE 
XT1527) 100

Equipment shared across phones, such as heat shrink 
tubing, wire, velcro, and zip ties 5

Mounting mechanism (U-post) 30
TOTAL PRICE PER UNIT (2015) 232.93
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Polycarbonate Box
• The directions here use a 

Polycase model SK-21 with a 
clear cover.  This is a large box 
with metric sized knock-outs. 

• Metric knockouts in include 24 x 
M20, 4 x M25/32, 4 x M32/40.

• https://www.polycase.com/sk-
21

• Other boxes can be used, 
depending on your monitoring 
needs. 
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Presenter
Presentation Notes
The directions here assume a Polycase model SK-21.   This is a large box that can hold gear for two solar panels, an external battery pack, a cell phone, and a playback speaker. You will need a box with at least 1 M40 hole to feed each solar panel SAE connector through the box. The microphone requires an M20 knockout, and is deployed from the bottom of the box.  
You can use a smaller box, depending on your monitoring needs.

If you will not be attempting camera-based monitoring, the solid gray case cover will hide the internal components.  

SK-21:  Made in Germany by Spelsberg.

UL Listed to UL 508, Type 4X & 12K specifications (File E208470)
Meets IP66 rating (IEC of EN60529)
IK08 impact rating (DIN EN 50102)
Protection class: II - isolate protection (VDE 0106)
Rated insulation voltage - AC: 690 V / DC: 1000 
Metric knockouts in base (24 x M20, 4 x M25/32, 4 x M32/40)
Gray or tinted clear cover option
Polyurethane gasket
Centrally located bosses for DIN rail mounting


https://www.polycase.com/sk-21


Knock Out 3 holes

• Rotate the box vertically (if this 
is how you intend to attach it to 
the pole), and knock out three 
holes:

• Two M40 holes (one on each side).  
These will feed in the solar panel 
cables.

• One M20 hole (at the bottom of 
the box).  This will feed in the 
microphone.

M20 knockout

M40
knockout

M40
knockout
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Presenter
Presentation Notes
To knock out the holes, follow these steps (source:  https://www.polycase.com/pub/media/catalog/product/file/81261441305544.pdf)

1. Place a flathead screw driver into the slot of the knockout that is to be removed. The screw driver must be placed in the slot toward the BOTTOM/CLOSED END of the enclosure (opposite the cover)
2. Hit the end of the screw driver to shear the knockout and remove the rest of the knockout by hand if necessary. 
3. If burrs remain, remove them with a countersink or deburring tool.



Microphone

• We used a YouMic Lavalier Lapel 
Microphone

• Higher quality microphones can 
certainly be explored.
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Microphone Cord Grip

• The microphone is plugged 
directly to the phone, and 
threaded through the box by an 
M20 cord grip.  

• We used a McMaster-Carr 
plastic submersible cord grip 
M20 (metric threads, 0.28” –
0.51” cord diameter).
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Setting up the microphone
a b c

d e
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Presenter
Presentation Notes
Pass the connector end of the microphone through the cord grip, 
Leave the end of the microphone exposed, perhaps ¼”.
Crank down the cord grip nut to tighten the connection to the microphone.
Thread the microphone through the box, and tighten the internal nut.
Add the microphone fluff if desired. You can also gather up the microphone cord to neaten the box.



Solar Panels (1 or 2; directions are for 2)
• Renogy IOW 12V Mono Solar Panel 
• Output Cables: 1.64ft 
• Maximum Power: IOW 
• Optimum Operating Voltage (Vmp): 

17.50V 
• Optimum Operating Current (Imp): 

0.57A 
• Weight: 3.51bs 
• Connectors: MC4 Connectors 
• Maximum System Voltage: 600V DC 

(UL) 
• Open-Circuit Voltage (Voc): 21.6V 
• Short-Circuit Current (Isc): 0.62A 
• Dimensions: 16.9 x 7.3 x 1.0 In 

MC4 connectors

a. front b. back
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Presenter
Presentation Notes
Depending on energy needs, a station may have one or two panels. 
Our panels came with MC4 connectors. However, the same model sold today does not include them.  If you use panels without MC4 connectors, you can crimp ring terminals onto the solar panel wires and then use a step down that has ring terminals, like this one: https://www.amazon.com/MOTOPOWER-MP0609A-Motorcycle-Charger-Adapter/dp/B01DYE54LI/. Connect the ring terminals with a nut and bolt, and use electrical tape to isolate the positive and negative connections from each other. 




Ultimately, each panel will be connected to an SAE plug adapter; the SAE end will 
thread through the box, and the MC4 end will connect to the panel.  For now, we 
will work with the connector cable, which should be long enough to comfortably 
reach from the panel to the box, with enough spare cable to allow for a drip.

Short 
connector 
cable

Long connector
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Presenter
Presentation Notes
SAE plug adapter SAE Plug Adapter Connector to DC Power MC4 Solar Panel 10 AWG 4 feet Cable Wire for Airstream Trailer RV

https://oz-usa.com/sae-plug-adapter-connector-to-dc-power-mc4-solar-panel-10-awg-4-feet-cable-wire-for-airstream-trailer-rv/

The cables need to be long enough to have a drip loop, for water to drip off of rather than running into the box along the cable.

Work with the adapter cable now – and save connecting the MC4 ends to the panel for a later step.  

Microphone is not shown for clarity.

The panels ultimately will provide power through an MC4 to single SAE converter.  The extensions are required to provide a drip loop to keep moisture from running to the box directly.  You will need a tool to be able to disconnect extensions. 





The SAE plug adapter will feed into the box 
through a M40 cord grip with a cable gland.

a b c
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Presenter
Presentation Notes
Sealcon CD40MP-BK M40 Dome Solid Insert Cord Grip

Sealcon M40 x 1.5 Metric Nylon / Plastic Multi-hole Cord Grips, Strain Relief Fittings or Cable Glands are used in almost any industry and are made to attach cable or wire to various applications. This fitting provides a NEMA 4x (IP 65) rating. To achieve this rating, the cable cannot be less than 80% of the diameter of the hole. There also cannot be more than .04" (1 mm) of difference between the diameter of the cable and the diameter of the hole. It is possible to reach the NEMA 6 (IP 68) submersible rating, provided that there is an ideal fit. The ACME thread on the CD40MPBK dome top is self locking and makes sure that the overlapping splines apply an even seal. This keeps the form seal from being pulled out of the fitting & provides pull-out protection for your cable so it does not cause damage.

Drill two holes approximately the size of the SAE cable wire, preferably with a drill press to ensure the hole is straight.  If needed, you can freeze the gland before drilling to help it drill well. Cut a slit to each hole so that you can fit the cable into the holes, as shown in next slide.  It’s helpful to have a neighbor who has a drilling tool (thank you Essi!)



Fit the extender SAE cables to the gland.
a b

c d
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Thread the SAE end through the box, and tighten 
the cord grips. Repeat for second panel. D
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Connect a SAE Y-Cable to Dual SAE connector
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Presenter
Presentation Notes
Powerlet:  https://www.powerlet.com/product/PAC-023/39

Converts one SAE into two SAE's, or vica versa. 



Attach the SAE end to a stepdown USB converter.  
Power from both panels run through this unit. D
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Presenter
Presentation Notes
MP0609 3.1amp USB Charger Waterproof https://motopowers.com/products/motopower-mp0609-3-1amp-waterproof-motorcycle-usb-charger-phone-charger-gps-charger-sae-to-usb-adapter



Input: 7-30V DC
Output: 5V, 3.1Amp
It can charge just about any phone, Tablet, GPS, camera, etc.
7.5Amp fused protection
SAE quick connectors to connecting for your existing battery charger lead.
4ftof wiring provided to increase mounting options
Weather proof cover to protect internal circuit.
Can be mounted to amost any surface with tape, zip ties or screws( hardware not included)
Or keep loose and use the quick disconnect to plug in whenever you need it.Especially convenient for use on motorcycle by providing USB power for GPS, Phones, etc.


This stepdown remains in the box, and attaches to the SAE Y cable.  
The USB cable can feed the phone directly (1 panel set up only), or it can feed a battery bank that is stored it the box.  Velcro the stepdown to the bottom of the box.




An alternative solar panel connection: Connect the two panels outside the box with 
a multibranch MC4 connector, and use a single SAE adapter cable to enter the box 
(one box hole only).
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Presenter
Presentation Notes
If the two panels are connected outside the box, and then a single MC4 to SAE converter (OZ-USA) is fed through the box.  The box has a single hole and only one cable is needed.  This is the better option for future set ups.  https://www.solar-electric.com/learning-center/wiring-cabling/how-to-use-mc4-connectors-cables.html 



External Battery

• We used Voltaic Systems V44 Always 
On External Battery Pack with Dual 
USB Ports - 12,000mAh

• It is important to use a battery pack 
that does not automatically shut off, 
otherwise the phone battery will 
drain.
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Presenter
Presentation Notes

Solar panel -> Voltaic -> phone.    
Voltaic Systems V44 Always On External Battery Pack with Dual USB Ports - 12,000mAh  Enable the Always on option and Plug into the 2 AMP Port!  https://www.amazon.com/gp/product/B00XZ7YU4M/ref=ppx_yo_dt_b_asin_title_o00_s00?ie=UTF8&psc=1    This device plugs into the motorcycle stepdown, and then the phone plugs into the device.  This is the best option for sites that will receive some solar gain but are difficult to get to -- the battery has an always on option so it will never need service.
SOLAR OPTIMIZED - High quality, high temperature Li-Polymer cells tested and optimized for solar applications. 
CAPACITY - 12,000mAh / 44 watt hours provides 4 charges to smart phones, 1.7 charges to 7" tablets, 1 charge to 10" tablets. Designed for use with Voltaic solar chargers, solar panels, and accessories. 
POWER OUTPUTS - 1 USB (5V 2.1A) and 1 USB (5V/1A) outputs. 
PACKAGE INCLUDES - The Voltaic V44 battery, 1 microUSB output cable, and 1 cable to charge V44 from any USB port. 
ALWAYS ON FEATURE - Voltaic's selectable "Always On" feature makes it easy and efficient to use the V44 battery with various sensor or time lapse applications (https://www.voltaicsystems.com/always-on/) 
 
 
 Solar Optimized Battery Packs
Designed to efficiently charge from solar, Voltaic’s range of USB and laptop battery packs allow you to charge your device anywhere.
Regulated outputs safely and quickly charge most consumer electronics including laptops, DSLR cameras, smartphones and drones
Integrated charge controller efficiently charges the battery from solar in sunny and low light environments
High-quality battery cells mean longer life in the field

Always On Mode
Voltaic’s signature Always On Mode for IoT makes it easy to effectively power sensors and time-lapse applications.
Battery output stays activated when even if your device is not drawing any current
Recovers into Always On when the battery goes into protection mode from over/under-temperature or over-discharge
https://voltaicsystems.com/always-on-batteries/

 
https://www.voltaicsystems.com/

Note that this model is no longer available, and several newer alternative models can be used, including larger batteries. If you get a different model, make sure it has an Always-On option.
 



a) Plug the battery into the stepdown USB port.
b) Plug the smartphone into the battery.

a b
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In summary:

1. Solar power enters box via a SAE-MC4 
cable.

2. The two cables are connected with Y-
cable.

3. A SAE to USB stepdown is connected.
4. The external battery is plugged into the 

USB stepdown.
5. The smartphone is plugged into the 

external battery.
6. The microphone is plugged into the 

smartphone (not shown).
7. Items can be fastened to the box with 

zip-ties or Velcro. 

1

5 4

3

2
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The box connected to two solar panels.
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Attach the smartphone to the lid with wide Velcro, with 
the camera pointing outwards against the clear lid.  We 
used Samsung Galaxy S9, though certainly cheaper 
phones would work.
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Presenter
Presentation Notes
Cell phones are Samsung Galaxy S9.   Each phone has a unique google account, and is further added to the "main" account.  
 
Cell phones are attached to top of box by velcro.

Used S9 because they came with our bulk ATT account. In some ways, this was a liability.  We had to remove many Samsung products to strip the phone back to the basics.  Camera though was useful.





Solar Panel Arm

• This is a wall mount.  It can be 
mounted to the pole with either 
U bolts or with pipe clamps.  The 
direction of the bracket depends 
on which method is used:

• The left image below shows a U 
bolt fastener; the right shows 
hose clamps.  Both come with 
the arms.
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Presenter
Presentation Notes
https://www.amazon.com/Renogy-Wall-Mount-Solar-Panels/dp/B07K22B3NF/

https://www.amazon.com/dp/B01J2QWPBO/

https://www.amazon.com/dp/B07Y49LSMN/

We used the Renogy arm.  This arm is very large and is overkill, but it includes hardware that can be used in other parts of the station set up. 




Deployment - Poles

• Choose a pole.  It could be 
as cheap as a 8’ wooden 
fence post (~ $7) or as 
expensive as a 8' Galvanized 
1.75 inch Square Sign Post (~ 
$40)
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Mount the solar arm to the post.
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Presenter
Presentation Notes
Depending on energy needs, a station may have one or two panels.   If two panels are used, you will need to purchase a mid-clamp that holds the two panels together.




Attach the box to the post
• Wooden Post:

• Punch out two holes in the box to 
fasten it to the post.

• Drill bolts into the wooden post.
• Add waterproof caulking to the 

external screw connection to seal 
the hole. 
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Mount the panels onto the solar arm.
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• Orient the panels for maximum 
solar gain.  

• For acoustic monitoring only, it 
may be wise to affix the box 
under the panels to keep the 
box from overheating (last slide).

• If camera monitoring, ensure the 
panel arm does not interfere 
with the camera view.

D
ow

nloaded from
 http://m

eridian.allenpress.com
/jfw

m
/article-supplem

ent/464074/pdf/jfw
m

-20-071.s7/ by guest on 24 April 2024



Stickers

• We affixed white stickers to the top 
of the box (interior side) to hide 
the box components and provide 
information about the box itself.

• We then used an exacto knife to 
cut and remove a small square 
section (to the right of the flag).  

• We then secured a wide piece of 
Velcro to the interior of the box lid, 
oriented such that the camera lens 
peeked through the square.  
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Secure the wires 
with zip ties
• The station was tidied by 

clamping the solar cables 
to the post with zip ties.

• This reduced any sound 
may be clanging wires 
(undesirable noise for 
recording purposes).

• Box overheating was an 
issue on hot days with no 
cloud cover.  A temporary 
solution was to place a 
plastic flower pot lid over 
the top of the box.
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